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What's Model
Combination?
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Model Combination

Imagine a scenario where you have many
wrong (and potentially useful) models

Will they be wrong in the same ways and
places? Are they equally useful?
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Model Combination
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Model Combination

Isotopic Chain
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Model Combination

Model combination techniques provide a
prescription on how to handle this!

This talk is going to focus on forecast
combination specifically, i.e. where we already
have independent model forecasts prepared
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Model Combination (+ orthogonalization)
Additionally, we'll orthogonalize our forecasts to
remove model redundancies

Side benefit: we can truncate the principal
components to get less overfitting

@c 2025 ISNET-11
ITSNET

November 18th, 2025



Model Combination (+ orthogonalization)

First, center your data

X5 =X, — o (xi)

l

where
1 m

Bo) = 3 X5 = — 7 fi(x).
k=1

m
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Model Combination (+ orthogonalization)

Then, reduce the dimensionality:

Xch}@ Unxn Snxm v,

mxXm
N ~~ . A A T
~ chxp o Un)(p Sp)(p VPXm.

n = # of data points, m = # of models, p = # of kept components
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Model Combination (+ orthogonalization)
O
S

Then, reduce the dim¢g ¢2

Unxn

N
~ X¢,
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n = # of data points, m = #
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Model Combination (+ orthogonalization)

Now construct your combined forecast:

P
fT(xb)=¢o(x)+ ) bj¢;(x)
j=1
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Bringing it Together

Dataset
construction is
important!

Once you determine
the weights, you're
ready to go!

P. Giuliani, K. Godbey, V. Kejzlar, and W. Nazarewicz
Phys. Rev. Research 6, 033266
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Model RMSE & RMSE &)* RMSE X RMSE X

DD-ME2 [39] 2.47 2.48 2.25 2.38
DD-MES$ [40] 2.46 2.19 248 232 8,205

DD-PC1 [41] 1.94 1.77 2.19 203 (a) N

NL3* [42] 2:18 2.15 3.59 2.84 = =825 ¢ g0l W

SKM* [43] 4.91 6.34 9.75 742 % _ggpf \ 7
SKP [44] 3.06 3.50 4.41 32 o g /
SLy4 [45] 4.53 4.84 6.27 584 =0
SV-min [46 297 2.99 3.98 3.42 =T — fT(Unconstrained)
UNEDFO [47] 1.47 2.02 1.51 1.56 i Gl ;
UNEDF1 [48] 1.82 1.83 2.06 1.92 X -845

UNEDF2 [49] 1.83 1.66 2.04 190 A L #

FRDM-12 [38] 0.62 0.62 0.65 0.63 : Ny

HFB-24 [37] 0.52 0.51 0.52 0.52 ~8.555 o = 5
BCPM [50] D57 2.34 2.44 2.49 Mg

DIM [51] 5.02 4.91 5.63 5.27

fip=1) [0.38 0.46 0.47 0.43]

f(simplex, p=7)  0.74 0.69 0.71 0.72
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The combination scheme is “very’
quick! New (or proposed) experimental
data can be easily incorporated
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BMC Predictions (hetero combined_quadratic) vs. Experiment
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Enter: pybmc

Lightweight Python package designed to
streamline model orthogonalization and
combination tasks

Currently, the core algorithm has been
iImplemented by Undergraduate students
Troy Dasher, An Le, and Pranav Agarwal
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Sidebar

Putting the effort into making (and releasing)
software can pay off immensely!
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Wrapping Up: Known Issues

What if your original model space doesnt contain the right
behavior (missing physics)?

Model contamination?
Should the error scale be global?
What about the use of global principal components?
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Wrapping Up: Known Issues

What if your original model space doesnt contain the right
behavior (missing physics)?

e ™
Model contamination?

Care to help?

Should the error scale be global? - /

What about the use of global principal components?
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@ ASCSN

Advanced Scientific Computing and Statistics Network
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https://katamari.kyle.ee/

ASCSN

Innovation Through Connection

A global community of researchers advancing the frontiers of
computational science, statistics, and applied mathematics through
collaboration.

@) Join the Community & Explore Resources
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Our Platforms

(N

Community Forum -

Engage in discussions, ask
questions, and share knowledge.

)

GitHub Organization -

Explore our open-source projects
and contribute to development.

YouTube Channel =

Watch tutorials, webinars, and
talks from our community.

Forum
gm ISNET 2025 ISNET-11
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GitHub

YouTube


https://forum.ascsn.net/
https://github.com/ascsn
https://www.youtube.com/@ASCSN-channel

Advanced Scientific Computing and Statistics Network

Ax 32 followers Ve https://ascsn.net Ve https://forum.ascsn.net

Pinned Customize pins
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Repository for the 2023 FRIB-TA Summer School on practical
uncertainty quantification and emulation!
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Short ASCSN primer on Bayesian statistics
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ntroduction
Application 1: The Quantum Harmonic
Oscillator

Application 2: Two body single channel
nuclear scattering

Application 3: The Empirical

nterpolation Method

Application 4: Time Dependent Systems
(evolution in the reduced space)
plication 5: Black-Box Methods v
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Heteroscedastic Uncertainty
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BMC Predictions for Sn Isotopes - Best Model (hetero_pc_dist_quad)
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Interface of Technology and Education

e We focus on highlighting
structure with dynamic decays
e Rule sets for varying student level

(younger students to adults)
Coulomb repulsion

Pairing

Nucleon Excitations

Magic humbers

o O O O
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Rule 1

Protons must be spaced 2.5cm apart EXCEPT at
their ends where they can pair

No Spacing

Pairing J

Rule 2
Neutrons can be in any
orientation

oy

i ared proton
1 and neutron

1) Protons are on side 1, 2) Neutrons are on side 2, 3) Protons start on starting
parallel, spaced 2cm unless perpendicular to protons, and platform

paired can touch

4) Build protons or neutrons on 5) Levels only contain one 6) Magic number pieces added
top of starting proton(s). nucleon type (protons or when 2, 8, 20, and 28 are
Structure must be free-standing neutrons) reached for one nucleon type

Example of rules 1-6 an




Interface of Technology and Education

Extra Rules Example game

. . .
. \x/e fo C u S O n h I h [I h t I n 1. Using one hand only, players may: i. All players have placed 1 block down making He. ii. Orange places proton on closed “He
Addanucleon  OR xcite an existin, Blue placed magic number

structure with dynamic decays
e Alternate multiplayer rule set:

o Highlights competing forces and
effects that may make nuclei more
unstable
o Promotes focus on excitation or more
proton or neutron-rich systems
i. Nucleus decays after Orange plv Scorlng'

Point Value: f d cay types:

+ Nucleo on (N): 1p nt

* Bo vd lev) +2 points

+ Magic Numbers (M): +1 point per board on nucleus

Add all points from decayed nucleons and any magic numbers
in play. Total go the player who played the last stable
move. GOAL: First to 25 wins!

Ex: It decayed on Orange’s turn, so Blue will get the points.

3. Once the minimum number of protons and
neutrons have been added, a player may add a Magic
Number board

- w

g 2@ 2 5 I S N E T 1 1 Example: 8 proto Blue wins the round! ?’r:/toltwo ::utrpon:. aJu‘;vzettfz(lé)nt(a;l:l(m):s pfindts! ve
q ¢ o ISNET )
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Interface of Technology and Education

e \Xebsite will be available:
o User may click on a nucleus to see
the relation between in-game view
and real nuclear properties (a
translation tool)

Nuclear Chart: log(Half Life)

o User-input for “discoveries” (blue
diamonds) of ground state, excited
state, and second excited state
configurations

o “Discovered” nuclear states are
shown with user-submitted photos
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Interface of Technology and Education

o \Website will be available:

o User may click on a nucleus to see
the relation between in-game view
and real nuclear properties (a

translation tool) ' = u

: u T
o Supplement so users can see game \ .

]
representation of actual physical ‘ ] \ = \

phenomena (decay modes) - 60
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