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Sciencein2050: the future
breakthroughs that will
shape our world — and
beyond

Nuclear fusion. People on Mars. Artificial general intelligence. These are
Jjustsome of the advances that could come by the mid-century mark.
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122 A|AH! QFAMSH A

IO

S U CHF 0% S

= 7Y

™ Trustworthy 4 22 CHA| Al 2= JH

Power increase rate, /}(scc'l)
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Error with Biasi correlation, P > 100 bar

Error, %
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Mass Flux (kg/sec-m2) Distribution at 0.00 mm

Void Fraction Distribution at 0.00 mm
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»  Epistemic uncertainty= H|O|E{ 2 HH|2{|s{{OF 2t
2 KNN; o9 12, Mahalanobis 72|, N, 2t Epistemic uncertainty H|w

ZH 10071 HI0|E{7tA[2] KNN 7{2] (Local) Mahalanobis 12| (global)
1 kK -
dKNN(X) = EZ | x — X(k)lz dmanal(x) = \/(X —wW'E 1 (x — W
k=1
k-nearest neighbors (k = 5) Radius neighbors (r = 0.2)
l()() Il . ] e | 00000 /= =
® < . : ® 8 o °
0.75 % ° %
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0504 °® ¢ e o o
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KNN/Mahalanobis2} epistemic 224 =7t 2F2H2HA| (Spearman rank correlation coefficient)

K_ NT=CH o NN = Ps(0%, drnN)  PMakal = Ps(0% duanal)
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*  KNN;oo 72|, Mahalanobis A2, Ny, 2k Epistemic uncertainty H|
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- AUSE2f ECE

> AlA| error2t uncertaintyZt 2HA|

Area Under the Sparsification Error (AUSE)
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dHEA Probabilistic model2] ==HAIE AH AZ| oAl <9l
o ==AIT ZPA|7} 0= 2ol = H|YIsts R

yOx) = f(; Ww®)  DropoutO| A& weight i "
W=W-z i i

Z""BernOUZli(l - pD) lilll.' 23 40 -I“_I.rﬂ TO &0 B0 100 l;Ill.' 230 40 'llllh-'l TOORD DO 100
17\ ‘?‘-I 7HA A (a) Ground-truth function (b) Ground-truth function
y — Wx Sol) S

y(t) = (WZ)_X' =7 . (WX) = 7. y ‘efl_r:

7|CHZf B HAL [ —

E[y®] = Elz] -y = (1 —py)y . ©@p=02

Var(y®) = Var(z-y) = y? - Var(z) A4 22

Var(y®) = y2 - pp(1 —pp) | = Var(z) =pp(1-pp)
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»  Pruned Diverse Deep Ensemble (Pdiv-DE)
- Pruning (H|=$ 22 A7) + Diversification (A2 Ct2 2 &)

7|2 Deep Ensemble Pruning (0|5 27t 20| R E)
M M
1 N2 1 gp = {m € €Dy, ) > 1}
Uepi = 7 m - [ = 7 m :
pi(¥) MTZl(“ (0 - ) ) ;f 2 Ensemble memberZt 20| Pruning threshold
SubmodelS2 SAISH | Z3t42 7121 £ 9le 1 & ,
Ul  (x) = — P (x) — P (x
{ug, py I11%8; epl( )= Mp nZl (‘u () = 5 ))
wi(x) = pj(x) Diversification (CI2 0| &t4 — 23154
i (x) = whh(x) f(x) = whh(x) u? )=l (x)

pm(x) — g(x) = (Wl —wT)h(x)

H|=3st B8 2 data sparsity0f 2H2381A] St £
N ol + oﬂfﬂ 3y7|0" T2 = T Data-sparse x € D¢parse = ti(x) % p1;(x) = Ugpi(x) T

Data-rich x € Ddense = ‘Lli(X) ~ ,Ll](X) = Uepi(x) )

K=NT=CH | y2%(x)~p(x)? Ugpi '~ " (x)~Disagreement(p; (%), ..., iy ()

Korea Institute of Energy Technology epl




S ZM Trustworthy T4 2 CHY| Al 2 7H4
AE8AE AT} sHA THssHH ERs Al Ty UQT

»  Pruned Diverse Deep Ensemble (PDiv-DE)

- Pruning (H|=$ 22 A7) + Diversification (A2 Ct2 2 &)

- 9|4 featureZ} LurA

DEEC} H= LR

> =22 29| 0= Ao theh o2y 2t

Activation Extrapolation Behavior Boundary Characteristic
RelLU Linear (unbounded) Sharp transition at zero
GELU Smooth approximation of ReLU Gradual transition
ELU Saturates to -a for negative inputs Bounded below
SiLU (Swish) Non-monotonic near zero Smooth, slight dip
Mish Similar to SiLU, smoother Self-regularizing
; ReLU GELU ELU SiLU Mish
2 -
0
-1F
3 -2 -1 0 1 2 33 -2 -1 0 2 %3 -2 -1 0 1 2 33 -2 -1 0 1 2 33 -2 -1




* Pruned Diverse Deep Ensemble (PDiv-DE)
Standalone 22 CHH| BO{A|A[Tt 7|2 0|5 WHELL R

ME=O

- 2|

)

CHF (KW/m

O O -
- Data sparsity?} Epistemic uncertaintyZt H| 2| (
Indices LUT (DSM) BNN MCD DE PDiv-DE
Mean P/M [-] 1.032 1.102 1.080 1.050 1.088
Std. P/M [-] 0.362 0.341 0.275 0.246 0.325
MAPE [%] 19.77 17.82 15.11 13.24 17.63
RMSPE [%] 36.30 35.59 28.61 25.07 33.71
R [-] 0.941 0.961 0.969 0.974 0.959
Indices Mean pKN.N for Nslice(pKNN > O) Mean pMa[\aI Nslice(pMahaI > O)
each slice Niotal for each slice [ Niotal
BNN +0.076 5/10 +0.142 5/10
MCD +0.417 7/10 +0.540 9/10
DE +0.328 8/10 0.368 8/10
PDiv-DE +0.669 10/10 +0.592 9/10
K=NT=CH
Korea Institute of Energy Technology
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* Pruned Diverse Deep Ensemble (PDiv-DE)
- ECEZt O]t el Z2utof| 28 (U= uncertaintyZ} &4 error0f 2%
- Y2 AUSE - Uncertainty0l| 7|0{3t= QIALE A M| HIFst1 S

Indices BNN MCD DE PDiv-DE
CE 0.104 0.141 0.138 0.009
AUSE 0.322 0.325 0.322 0.293

AUSE

Calibration Curve

T
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st A8 A4L7F S5t U=,

Q2L AX 28 sl Ao S0 s WYMoz Bt Y
«MEMHIH07roua
=202 =244 M.

O
dlo| EstAl AH| LS AR = AUSE, ECE (L&), KNN

{2|-Mahal 72|2} =t 7F o2 (2IHSH) 2 Bt /IS,
- Y =HEEA HH0| HSSe =a s FE = H0|EQ] sparsity 2! H|O|E]
ARA| 2o ake| S| d = AHAL 2 AT | 0d =,
04| QHHSH A0l S Al 382 Qo ESAES BlO[EIZH ATEAS
B2 MY 4 Y HE2 B (ex. PDiv-DE) L0 BLE.
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