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Physics of Design Problems — Hyperoptimization

e Optimization thinks about the optimal solution.
* Physics thinks about the whole solution space!

PHYSICS OPTIMIZATION
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How? Landscape exploration

Solution Space Landscape Exploration

Method:

Markov Chain Monte
Carlo

Discrete

Domain Problem of interest:

Multi-objective Land
Allocation

Method:
Molecular Dynamics

Continuous
Domain

Problem of interest:
Topology Optimization
“Hyperoptimization
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Allocation Design Problems
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Multi-Objective Land Allocation (MOLA)

 What is the best way to allocate land uses in a prescribed domain in order to

find the best performance?
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Problem:

There are no unique agreements on priorities
* Preferences, at the human level, play a significant role in the “optimized” solution.

=> Optimization is not the best solution!

Question:
How do land-use patterns depend on MOLA weights?
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Method

* Metropolis Algorithm -> Critical slowing down -> Wolff Algorithm [Wolff Phys Rev Lett 62 361 (1989)]

* Wolff Algorithm -> No external field -> Ghost-Site Cluster MC [Kent-Dobias & Sethna Phys Rev E
98 063306 (2018)]

* Implementation
* MATLAB for Proof of Concept
* C++ for the main core
e Python for the wrapper and Data management
e Typical Run time <10 s on 2019 CPU core
* For Annealing: more than 2300 trials
* For Flashpoints: 82,500 trials
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Result: Symmetry-Breaking (cont.)
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Main Result: Flashpoints!
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Main Result: Flashpoints! (cont.)
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Main Result: Flashpoints!

900

700

125

(e
S
o
60800y
X = - >
X = Construction -——
0000000000000
X = Conservation ;
0 pessesmevmesssessss
T= =
emm—— ¢
0 1 2 3 4 6 7
Ps

H. Aliahmadi (van Anders Group @ Queens)

d

[

Ps= 1.9 Ps = 2.0

- A A
r

Ps = 3.9 Ps = 4.0

- - -

Ps = 4.3

AY

( (., . )
@ exp 27rl(33— 1)

Flashpoints

c P P

Ps = 4.6 Ps = 4.7

O e

Ps = 5.3 Ps = 5.4

g -"I -"l -."l
r"ircr 41

Ps = 6.8 Ps = 6.9
) 0
s= <1 Construction

2 Conservation

Jun 16, 2023



g Infrastructure 4
Wildlife Habitat

Social Services

Flood Risk
Multi-Site On-Site

Coordination Coordination

b C

Biophysical Human & Social Land Influence tu On-Site
Subsystem Factors X Both X Use Area Factors
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Thank you!

Design Problem
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