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1 Background & motivation

The IPB98(y, 2) scaling law was derived in 1999 [1].
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Some 23 years later, an updated regression on the expanded
version of the same database showed [2]:
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The size exponent o, weakened.

Two candidate explanations were investigated:

(i) Statistical artefacts, in particular multicollinearity
(ii) Physical properties of the additional discharges

2 ITPA H-mode database

Three database iterations are used:

Spherical devices excluded (distinct transport physics).

Std2g,p: 1244 pts (8 machines) ap =17  (2.1) [1]
Std4,p: 2533 pts (13 machines) ap =14 (2.0) [3

To avoid confusion of abstraction: we explain the optimisation procedure by focusing on the example of the
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2 Quantify

e Foreach path generated

e Assign 1to each pointleading to the

minimum o

the path

(highlighted in orange)

o Assign 0 otherwise

e Average over the number of paths
generated

e (onsiderthe mean value of each

data-point a probability of inclusion
in the influential set

Std5: 5919 pts (14 machines) a, =13 (1.6) [2
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_eading to a reduced range in €

Hence, € was removed from the regression model.

3 Multicollinearity diagnostics

Each regression coefficient has an associated standard
deviation which is governed by:

The model  Multicollinearity
Predictors range * Measurement uncertainty
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Variation inflation factors (VIF)

R 5.1 5.0 6.6

geo

VIF > 5 are indicative of strong multicollinearity

 While multicollinearity is pronounced, the effect on

coefficient variance remains limited

o We deduce that multicollinearity is not the sole cause of

reduced size scaling.
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5 Two distinct scaling laws

Non-Influential Scaling (o, = 1.7)

TE th —

RMSE = 0.14 - Regained size scaling - Negligible field scaling (az = 0.065) - Strong power degradation a, = — 0.71

Influential Scaling (arp= 0.56)

TE th —

RMSE = 0.15 - Weak size scaling - Negative density exponent («, = —0.19) - Descriptive role only
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6 Conclusions
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observations excludec
TER-like subset used for deriving

ne non-influential subset

n Multicollinearity is present but cannot solely account for oz reduction

Maximally influential set has been determined with an optimisation
procedure

Influential set well localised in dimensionless ( p*- v* By - gos )
space, forming two clusters

from the database to form the
TPA20-IL scaling are assigned to

Non-influential scaling recovers IPB98-like size dependence

ITER & SPARC: 84% non-influential probability
- Nl scaling is the relevant prediction
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