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« What is the “expected” accuracy of a quantitative prediction?

« Drug candidate with predicted low solubility
» “Distrust” the model — expected accuracy is poor — large prediction uncertainty
« Synthesize anyway and measure the solubility
« “Trust” the model — expected accuracy is good — small prediction uncertainty
* Move on to another compound — don’t bother to synthesize
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Test Set Selection
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weights Neurons

Molecular and atomic descriptors
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3. Monitor performance of verification set — determines stopping point
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Repeat training/verify random split 165 times — select best 33 networks

Model Prediction is average of 33 network predictions (¥;)
$ = Zi}’i/N

What about the variance of the individual network predictions?
~ =\ 2
) Zi(J’i - }’)
o~ — 1

N
« Can this be used to assess uncertainty in the prediction?

Previously, we showed how to estimate uncertainty in classification prediction from
the degree of disagreement among the individual network predictions

» Clark et al., J. Chem. Informatics, “Using beta binomials to estimate classification uncertainty for
ensemble models™ 6 34 (2014)

« What about regression models (continuous output)? _ _
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QM/NN QSPR MobpeLs wiTH ERROR ESTIMATION Beck et al. , J. Chem. Inf- Comput. Sci., Vol. 40, No. 4, 2000 1049
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Figure 7. Results for the logP dataset (N = 1085) with the mean
values and error estimations given i eq 2.

Figure 5. The distribution of A,*-values for the 11-net logP model.
The solid line shows the best fit Gaussian.

i_

1
P o) Uncertainty is assumed to be proportional to

(P
A= P. = P. + Ao
l L — L standard deviation of ensemble prediction

7 o
Observed MAE (Mean Absolute Error) =0.38
Calculated MAU (Mean Absolute Uncertainty) = 0.50
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1740 J. Chem. Inf. Model., Vol. 48, No. 9, 2008 Table 3. Performances of MGDs on the Training and on the Joint Validation Sets

average rank

3 | | I ] | . l_ |
DM* LOO 5-CV valid.
STD-CONS 1 1.8 1.1
STD-ASNN 2 1.2 2.5
STD-kNN-DR 6.6 4.3 4.1
9.2 8.3 53
7.1 49 54
LEVERAGE-PLS 8.4 5 6.3
EUCLID-kNN-MZ 7.5 7.1 6.4
TANIMOTO-KNN-FR 7 6.1 6.8
TANIMOTO-MLR-FR 8.3 8.3 9
CORREL-ASNN 10.7 10.8 9.4
Wi LEVERAGE-OLS-DR 12.3 12.6 11.1
A EUCLID-MLR-FR 7 9.3 11.5
0 02 04 06 08 1 12 14 16 PLSEU-PLS 1.1 11.8 115
STO-CONS DM EUCLID-KNN-FR 12.1 13.3 12.1

Errors are binned with respect to Ensemble Std. Dev. Ensemble Std
and a Gaussian is fitted to each bin — width of Gaussian
is uncertainty estimate for that bin

. Dev. performed best as a metric
of uncertainty — ability to discriminate between
small and large errors.
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Cortes-Ciriano and Bender, JCIM, 59, 1269 (2019) — Deep Confidence

Confidence region = 9; £ (ac,)e®

“0;is the standard deviation of predicted activities across the ensemble.”

 What is the basis of the exponential dependence on standard deviation?
« Papadopoulos et al., J. Artificial Intell. Res. 40 815 (2011)
« Conformal prediction using exponential of scaled std. dev. of k-NN predictions
« Justification:

* “The exponential function in definition (25) was chosen because it has a minimum value
of 1, since o will always be positive, and grows quickly as o increases. As a result, this
measure is more sensitive to changes when o is big, which indicates that an example is
unusually far from the training examples.”
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Where

SSE = z(?i — ¥i)?
Form bins over ensemble std. dev.

SSE; <«— Sum of squared errors in each bin
Local RMSE = |——

N; <« Number of points in each bin
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SSE * g; gj
RMSE; = = RMSE
LY/ f
u(s) = RMSE(s) = RMSE g(
I f(S)

Uncertainty is defined as the “local” RMSE

s is the ensemble std. dev. and g(s) and f(s) are probability distributions
of the fractional squared error and number of points with respect to s.

SimulationsPlus

©Simulations Plus, Inc., 2019 All rights reserved SCIENCE + SOFTWARE = SUCCESS



p(e,s) = q(els)f(s) «— Probability of s

Joint probability of error € and Ens. std. dev. s Conditional probability of € given s

(s) = f de j £2p(e, p)dy = f FGOdx j e2q(ely)de
— 00 0 0 — 00
d(s) = j o) f (o dy Note: ®(w) = RMSE?

0

d(s) = ®'(s) = 0%(s)f(s) Fundamental Theorem of Calculus

o4(s) = @ = RMSEZQ

f(s) f(s)

= [52(s) = 9(s)
u(s) =+o%(s) = RMSE £(s) &8 simulationsPius
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p(x; a,B) =

forx>0ando,p >0
xI'(a) P

Let x=s-5,:sis Ens. std. dev. and s, is an added shift parameter
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https://en.wikipedia.org/wiki/Gamma_distribution

Let §; = B,, Then:

u(s) = vo?(s) = C * RMSE * (s — s0) #1792/

If a1 > ay, then u(s) is monotonically increasing with s as strongly desired!
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https://en.wikipedia.org/wiki/Kolmogorov%E2%80%93Smirnov test

Adjust parameters of the analytical distributions to minimize the K-S value
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https://en.wikipedia.org/wiki/Kolmogorov%E2%80%93Smirnov_test
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is a normal distribution wit et € = observed error
zero mean and std. dev. equal to the uncertainty —» Let u = uncertainty

estimate, then (in the continuous limit) ... Normalized Error:

RMSE per bin &

0.6 ,0 -
u

0.5
04 Normalized Error should follow a standard normal distribution
s with zero mean and unit variance. Its absolute value follows a
N, folded normal distribution. We generate the Q-Q plot for |p|
| compared to the theoretical folded normal distribution. Note
> that no parameters are used to fit this Q-Q plot.
’ 0.02 0.05 0.08 0.11 0.14 0.17 0.20
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Salicylaldehyde
Predicted: -1.05
Reported: -3.18
Uncertainty: 0.47
Melting Pt.: -7° C (liquid!)

Cl
OH
Chlorophene

Predicted: -3.98
Reported: -1.72
Uncertainty: 0.52
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OH

r—ﬂ ------------- 1.9E-3, not E-2, pH 9-10
103
Chlorophene f—8----------- 7.2E-4, distilled water
Reported (Aquasol): -1.72 (log units) = 1.9 E-2 mol/L .
“Estimated from graph” -
Allawala and Riegelman, J Am. Pharm. Assoc. XLII, 267 (1953) *
More recently: S TN BTN Y
163 I0° o' ¢

EPA: 6.81 E-4 mol/L

LA
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MOLES BENZYLCHLOROPHENOL

MOLES POTASSIUM LAURATE

pubchem.ncbi.nlm.nih.gov/compound/2-Benzyl-4-chlorophenol Fig. 8.—A log-log plot of the solubilization of

benzylchlorophenol (5-chloro-2-hydroxy diphenyl-
methane) in moles/L. by solution in potassium
laurate (moles/L.) at 20°. A: saturation solubility
of benzylchlorophenol at pH 9-10; B: saturation
solubility of benzylchlorophenol in distilled water.
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N=1000; Avg=18.806; Med=18.840; StdDev=0.193; Min=17.980; Max=19.230
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distribution of 1000 logP values %Fraction absorbed shows little sensitivity to logP
using uncertainty estimate as std. dev. range.
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N=1000; Avg=32.864; Med=20.690; StdDev=30.689; Min=0.400; Max=100.000
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distribution of 1000 Sw values using

. . %Fraction absorbed shows high sensitivity to Sw
uncertainty estimate as std. dev.

range. Solubility prediction has low confidence — should
probably be measured!
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Is there signal in this noise?
Yes!

For this data set,
uncertainty is approx.
square root function,
not linear or exponential
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