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=
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A2 O(m*N)O|H m « NO|Z 2 X|HjEH2 O(K-N)O|C}.
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O| OfL|C} 220 MA|lsts ™2k X|&E7} O] CHE| 2 & LYo R O{Zl Zh(model-internal)O|2t= M=
35 =L

MENoR BHE AR M MYI HI LH| (e AF0| 2YS T B U Y Mol 32
%|A3to| DY HIGOR IHGTE J|UhS DREBICE



T

pe,— =V (kVT)tq, G1)

Al (G1)2 Thermal Energy Transport2| transient heat conduction equation with sourceO|C}, CE =0
Q1o g2 Arrhenius €& EF HISET 2022 H TEE W(q_{tt W=, AH €F(thermal
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y (damping)

K (coupling)

D (diffusion)

0 1 2 2 4
A output / output (£50% sweep)

8 3. Al=g0]d BHE (£50% OH7iEH A8): y of |RAEFE 2 |7) Z|CH(4.24)

J8 32 HiHE| €53 Tot et el £50% D7 A8 QdE AnE 2ojE0h 08 304 el
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(b) Information-criterion comparison
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(b) Response to initial amplitude a0 (family

over boundary levels)

(a) Response to boundary forcing (family over

initial amplitude a0)
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(a) Residual structure (b) Observation and model fit
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(b) Solution-set reduction (60 iterations,

pool 100)

(a) Fixed-point convergence
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= ESES R FTHIZEOY | FH oT2oY | HEE =¥
ENENS x| CH

initial 2 1.2227 1.3783 7.6% 2

amplitude a0

boundary 1.5 0.8024 1.7972 52.1% 1

forcing

environment 0.011 OjALE(AXL = | OMEEX = | 28% 3
=) F8=)

Ho— SAE ASUIE Ago| 25 0|2 OF LS HA

AGEE m o2 ch HA

0.00 0.9870 0.9867 -0.0003

0.10 0.9876 0.9868 -0.0008

0.20 0.9882 0.9865 -0.0017

0.30 0.9888 0.9874 -0.0014

0.40 0.9894 0.9877 -0.0017
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0.60 0.9906 0.9877 -0.0029
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import numpy as np

def steady(kappa, gamma, D):

import math



# WM 2- A B B

b

| oDE O HAMEY TZE | x|

Fext = 1.0

Mmat = np.array([[-gamma, kappa], [kappa, -(gamma + D)]])
# FIX-93: dissipativity guard - a damped system must have a stable
#  steady state. Without this check np.linalg.solve returns the
#  fixed point of a SADDLE (unreachable) configuration silently.
if not bool(np.all(np.linalg.eigvals(Mmat).real < 0.0)):
raise ValueError(

"non-dissipative: kappa”2=%.4f >= gamma*(gamma+D)=%.4f"

% (kappa * kappa, gamma * (gamma + D)))
sol = np.linalg.solve(Mmat, np.array([-Fext, 0.0]))

return float(np.hypot(sol[@], sol[1]))

def elasticity(base, key):

# +/-50% EAEEEZ E = d 1In|X | / d 1n(param)

hi = dict(base); hi[key] = base[key] * 1.5
lo = dict(base); lo[key] = base[key] * 0.5
yhi = steady(**hi)
ylo = steady(**1o)

return abs((math.log(yhi) - math.log(ylo)) / (math.log(1.5) - math.log(0.5)))

def sqrt_fit(t, d):
# I A ROl sqrt(t) ASE &5 HOIH| 2AXHS e -> R2

= - O

amat = np.vstack([np.sqrt(t)]).T

coef = np.linalg.lstsq(amat, d, rcond=None)[@]



pred = amat @ coef

ssr = float(np.sum((d - pred) ** 2))

sst = float(np.sum((d - d.mean()) ** 2))

return 1.0 - ssr / sst if sst > 0 else 1.0

DOMAIN = 'H{HEZ| E== H™u}

base = dict(kappa=0.796, gamma=1.2999, D=0.65)

kap_e = elasticity(base, 'kappa')
gam_e = elasticity(base, 'gamma')
return_note = 'TX Y22 220t FEEIAE(Lpy) 2 HIEDH, 2 A 22

2 W(EtY AA computed_numbers)df
7:

A
= o =
d4='2 HiE ==0AMe 2dE 200X, 0jdE &d52 A5 &#

& 7|
NE= 22 MW" =z &8 4=
fit.r2_base 0.987 0.987
fit.r2_coup 0.993 0.9930
fit.rmse_base 0.027 0.027
fit.rmse_coup 0.019 0.019
convergence_order 2.02 2.02
sens.kappa 1.19 1.19
sens.gamma 4.24 4.24

sens.D 0.17 0.17
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(@) MCMC =3 ZITH (Gelman-Rubin R)

DFCHEAE Z7(2E2] 470 N[22 &bt 2K Et EFZI(HICHZ £=0.6)0 A Metropolis-Hastings 2 25 4000
HE(Y 50%= burn-in H 7|, 2=8E 0.525)2C}. Gelman-Rubin S| 2F R = X} A|Cf = 1.0054 (At
¥ [1.0009, 1.0054)Z R < 1.1 =8 7|58 SEFTCHES). 0|& Tho|=atelol Aol 7|8t =Ho| M &
_J'\_ =

o
B AT BA-YA S 2YEY dB0IH, 22 F(F) B AR Xt FYOHA| YL
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e ot 7|1E
Hol/Ed/eEa 4 / 4000 / 2000 m=>3

+8E 0.525 A 0.2-05
R (K %[CH) 1.0054 <11
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MIAY QF LT2|FEHHE MEBLX-05 TAHHSE 7H2AQF #O|.pe) BB E BE)S ME CH2 K
= 870 &£7] J§ MO M Rastrigin SH (T F &[4 0, Ot X|FZE| )= TYA[ZFACE best-of-K = 0.0, B

o = 03731, EEHAL = 0.5149, worst = 0.995 (A% best: [0.0, 0.0, 0.995, 0.0, 0.0, 0.0, 0.995, 0.995)).
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ef field) 0

Gamma( | 13x13x3 | 507 341 1.49x 0.00e+0 | 2 1.24e-01 | 3.644 112

couplin 0

9)

Phi(joint | 13x4x3 156 71 2.20x 0.00e+0 | 2 2.18e-01 | 1.818 259
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field)
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field)
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field)

theta(coef. | full_tt 0.200 DEGRADED | EtH +0.0% -0.0% +0.0%
field)

Gamma(co | decouple 0.800 IMPROVED | XHEH -99.1% -72.6% +1075.9%
upling)

Gamma(co | amplify 0.400 NEUTRAL XH EH -38.1% +25.9% -33.5%
upling)
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upling)
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