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1 MD17

Here, additional results on the aspirin molecules from the MD17 data set'™ are presented. Table
and Table 2| present the numerical values for the mean absolute error (MAE), root-mean-square error
(RMSE), maximum error (MAXE), Pearson (PCC) and Spearman (SRC) correlation coefficients, as
well as 95% quantile, evaluated on test data for total energies and forces. While Table (1| provides
us with the errors averaged over the learning curve, Table |2| shows the performance of the final
model. All results are given for the (10,100;10)yp;7 BMDAL experiment. The respective results for
(100,1000; 100)mp17 can be found in Table [3|and Table |4l The measure of uncertainty for MAXDIST and
LCMD is given by the distance to the closest point in the training set, where the distance is measured
with respect to the corresponding kernel.

Fig.|1} Fig. |2, and Fig. 3|complement the results obtained in the main mansucript on atomic forces
with the results for the total energy. Fig.[4] Fig.[5, and Fig. [f] present the batch size dependence and
the learning curves for (100, 1000;{10,25,50,100} )mp17 or (100, 1000; 100)mpi7, respectively.
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Figure 1 Dependence of the mean absolute errors (MAE), root-mean-square errors (RMSE), and maximum errors
(MAXE) of the total energy on the acquired batch size Npaen. All errors are evaluated for the last BMDAL step on
the aspirin molecule data from MD17.2 All corresponding values are given for the (10,100;{2,5,10} )mp17 BMDAL
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Figure 2 Learning curves for the aspirin molecule data from MD17.2%# The mean absolute errors (MAE), root-mean-
square errors (RMSE), and maximum errors (MAXE) of the total energy are plotted against the training set size
acquired during BMDAL. All corresponding values are given for the (10,100;10)mpi;7 BMDAL experiment. The
training errors before the first BMDAL step are identical for most methods since they use the same random seed. This
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Figure 3 Comparison of the last layer and random projections gradient feature maps on the aspirin molecule data
from MD17.2% The mean absolute errors (MAE), root-mean-square errors (RMSE), and maximum errors (MAXE)
of the total energy are plotted against the acquired batch size Npuen. All corresponding values are given for the

(10,100;{2,5,10} )mp17 BMDAL experiments. Shaded areas denote the standard error on the mean evaluated over
five independent runs.
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Figure 4 Dependence of the mean absolute errors (MAE), root-mean-square errors (RMSE), and maximum errors
(MAXE) of atomic forces on the acquired batch size Nyuch. All errors are evaluated for the last BMDAL step on
the aspirin molecule data from MD17.27# All corresponding values are given for the (100,1000;{10,25,50,100})mp17
BMDAL experiments. Shaded areas denote the standard error on the mean evaluated over five independent runs.



1.53 1 2.20 A 5.03 1%
R s i::\
N Qe (S “
< %%::&{\ < N N < &0 R
S 123 AR, g 1761 S Rze, 23751 NS N
g ‘\{) \v.. N £ ‘b\ N = S Ve
3 DN = SNEREN_¥ s A RS
g S \i‘o 2 RN N 2 S
~ S N& o N g = AN
£ 099 A X \"\i = 140 ‘&\\ A = 2801 o <7\~.\
o R } 72 R \g % R e,
3 L = W S et
= % & S = R
3 [ ° l»\h N W V\Q
8 079 h 8 1121 8 2.9 MY
) n 5 )| 5 ‘
= = b S e
. L™ A @
0.64 » 0.89 g3 1.56 1 ad
128 256 512 1024 128 256 512 1024 128 256 512 1024
Training set size Nipain Training set size Niain Training set size Niain
=Ml - MAXDIAG+RND -@®- MAXDIAG+AE(F) MAXDET+GP(LL) LCMD+FEAT(LL)
-@®- MAXDIAG+QBC(F) -®- MAXDIAG+GP(LL) =P - MAXDIST+FEAT(LL)

Figure 5 Learning curves for the aspirin molecule data from MD17.2%# The mean absolute errors (MAE), root-mean-
square errors (RMSE), and maximum errors (MAXE) of atomic forces are plotted against the training set size acquired
during BMDAL. All corresponding values are given for the (100, 1000;100)pmp17 BMDAL experiment. The training
errors before the first BMDAL step are identical for most methods since they use the same random seed. This does
not apply to QbC, where more models are trained.
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Figure 6 Comparison of the last layer and random projections gradient feature maps on the aspirin molecule data
from MD17.2% The mean absolute errors (MAE), root-mean-square errors (RMSE), and maximum errors (MAXE)
of atomic forces are plotted against the acquired batch size Npyen. All corresponding values are given for the
(100, 1000;{10,25,50,100} )Mp17 BMDAL experiments. Shaded areas denote the standard error on the mean evaluated
over five independent runs.



2 QM9

Here, additional results on the QM9 data set> are presented. Table [5| and Table [6] present the
numerical values for the mean absolute error (MAE), root-mean-square error (RMSE), maximum er-
ror (MAXE), Pearson (PCC) and Spearman (SRC) correlation coefficients, as well as 95% quantile,
evaluated on test data for total energies. While Table [5| provides with the errors averaged over
the learning curve, Table [6] shows the performance of the final model. All results are given for
the (1000, 10000;250)om9 BMDAL experiment. The respective results for (5000,25000;250)qme can be
found in Table[7/and Table (8] Fig.[7|and Fig.[8|present the learning curves for the (5000, 25000;250)qmo
experiment.
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Figure 7 Learning curves for the QM9 data set.”"” The mean absolute errors (MAE), root-mean-square errors (RMSE),
and maximum errors (MAXE) of the atomization energies are plotted against the training set size acquired during
BMDAL. All corresponding values are given for the (5000,25000;250)om9 BMDAL experiment. The markers show
only a subset of all BMDAL steps for better visibility, while the lines use all steps. The training errors before the first
BMDAL step are identical for most methods since they use the same random seed. This does not apply to QbC,
where more models are trained.
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Figure 8 Comparison of the last layer and random projections gradient feature maps on the QM9 data set.®"” The
mean absolute errors (MAE), root-mean-square errors (RMSE), and maximum errors (MAXE) of the atomization
energies are plotted against the training set size acquired during BMDAL. All corresponding values are given for the
(5000,25000;250)qmo BMDAL experiment. The markers show only a subset of all BMDAL steps for better visibility,
while the lines use all steps. The training errors before the first BMDAL step are identical for most methods since
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they use the same random seed. This does not apply to QbC, where more models are trained.
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3 TiO,

Here, additional results on the TiO, data set®” are presented. Table @ and Table present the
numerical values for the mean absolute error (MAE), root-mean-square error (RMSE), maximum
error (MAXE), Pearson (PCC) and Spearman (SRC) correlation coefficients, as well as 95% quantile,
evaluated on test data for total energies and forces. While Table [9] provides with the errors averaged
over the learning curve, Table [10| shows the performance of the final model. All results are given for
the (10,250;10)1i0, BMDAL experiment. The respective results for (500,2500;250)Ti0, can be found in
Table [11l and Table

Fig. [9) Fig. and Fig. complement the results obtained in the main mansucript on atomic
forces with the results for the total energy. Fig. Fig. and Fig. 14| present the batch size depen-
dence and the learning curves for (500,2500; {50, 100,250} )tio, or (500,2500;250)ti0,, respectively.
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Figure 9 Dependence of the mean absolute errors (MAE), root-mean-square errors (RMSE), and maximum errors
(MAXE) of the total energy on the acquired batch size Nyaen. All errors are evaluated for the last BMDAL step on
the TiO, data set.®9 All corresponding values are given for the (10,250;{2,5, 10})Ti0, BMDAL experiments. Shaded
areas denote the standard error on the mean evaluated over five independent runs.
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Figure 10 Learning curves for the TiO, data set.® The mean absolute errors (MAE), root-mean-square errors (RMSE),

and maximum errors (MAXE) of the total energy are plotted against the training set size acquired during BMDAL.

All corresponding values are given for the (10,250;10)7i0, BMDAL experiment. The markers show only a subset of

all BMDAL steps for better visibility, while the lines use all steps. The training errors before the first BMDAL step are

identical for most methods since they use the same random seed. This does not apply to QbC, where more models

are trained.
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Figure 11 Comparison of the last layer and random projections gradient feature maps on the TiO, data set.®? The

mean absolute errors (MAE), root-mean-square errors (RMSE), and maximum errors (MAXE) of the total energy

are plotted against the acquired batch size Nyych. All corresponding values are given for the (10,250;{2,5,10})Ti0,

BMDAL experiments. Shaded areas denote the standard error on the mean evaluated over five independent runs.
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Figure 12 Dependence of the mean absolute errors (MAE), root-mean-square errors (RMSE), and maximum errors
(MAXE) of atomic forces on the acquired batch size Nyuch. All errors are evaluated for the last BMDAL step on
the TiO, data set.®9 All corresponding values are given for the (500,2500;{50,100,250})ti0, BMDAL experiments.
Shaded areas denote the standard error on the mean evaluated over five independent runs.
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Figure 13 Learning curves for the TiO, data set.®? The mean absolute errors (MAE), root-mean-square errors (RMSE),
and maximum errors (MAXE) of atomic forces are plotted against the training set size acquired during BMDAL. All
corresponding values are given for the (500,2500;250)7i0, BMDAL experiment. The training errors before the first
BMDAL step are identical for most methods since they use the same random seed. This does not apply to QbC,

where more models are trained.
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Figure 14 Comparison of the last layer and random projections gradient feature maps on the TiO, data set.B9 The
mean absolute errors (MAE), root-mean-square errors (RMSE), and maximum errors (MAXE) of atomic forces are
plotted against the acquired batch size Nyqyen. All corresponding values are given for the (500,2500; {50,100,250})Ti0,
BMDAL experiments. Shaded areas denote the standard error on the mean evaluated over five independent runs.
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4 LMNTO

Here, additional results on the LMNTO data set'%!!' are presented. Table [13| and Table [14] present

the numerical values for the mean absolute error (MAE), root-mean-square error (RMSE), maximum

error (MAXE), Pearson (PCC) and Spearman (SRC) correlation coefficients, as well as 95% quantile,
evaluated on test data for total energies and forces. While Table [13|provides with the errors averaged

over the learning curve, Table [14| shows the performance of the final model. All results are given for

the (100, 1000; 100)p mNnTO BMDAL experiment.

Fig. and Fig. [16|present the the learning curves and batch size dependence for the (100, 1000; 100)rmnT0

or (100,1000;{25,50,100}) mnTO €xperiments, respectively. Fig.[17} Fig.[18] and Fig. [19] complement

the results obtained on atomic forces with the results for the total energy.
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Figure 15 Learning curves for the LMNTO data set.1%1L The mean absolute errors (MAE), root-mean-square errors
(RMSE), and maximum errors (MAXE) of atomic forces are plotted against the training set size acquired during
BMDAL. All corresponding values are given for the (100,1000; 100)mnto BMDAL experiment. The training errors
before the first BMDAL step are identical for most methods since they use the same random seed. This does not
apply to QbC, where more models are trained.

23



(50°0) 9¥'T (sT0)6TEl (#0'0) 88T (20'0) 950 (20'0) £9°0 (ST'0) S€'T (€0'0) 91T (€00) 0S'T (90'0) 81T (€0'0) OT'0 (€0'0) 2T'0 (6z0)0Ty  (€00)2T'T (20'0) 88°0 (d¥) VAL +ANDT
(S0°0) 9¥'T (92°0) S8'01 (S0°0) 88T (20'0) 950 (€0°0) S9°0 (81°0) 9€'C #0'0) LT'T (€00) 1S'T (90°0) LT'T (20'0) 800 #0'0)2T'0 #€0) €8¢ (€00) IT'T (20'0) 88°0 (TDIVAd+dNDT
(Tr0) LTT (69°0) S¥'€l #0°0) ¥8'T (€0°0) £¥'0 (€0'0) 290 (SsT'0) 0E°T (€0'0) €T'T (20'0) 8¥'1 (90'0) ST'T (20'0) ¥0'0 (€0'0) SO0 9z0)+9e (€00)0T'T (200) £8°0  (d¥).IVHL+LSIAXVIN
(T1'0) LO'T LT1)9L'TL (S0°0) S8'T (€0°0) 6¥°0 (€0'0) 19°0 91°0) 92T #0'0) ¥1'C (€0'0) 8¥'T (80°0) ¥1'C (20'0) 20’0 #0'0) 900 (0g0) vLe (€00)0T'T (20'0) £8°0  (TT).IVHL+LISIAXVIN
(ST0)ST'T (ET'T) PTET (#0'0) €8'T (20'0) 950 (20'0) £9°0 #1°0) €TT F0'0) €T'T (€0°0) 8¥°'T (90'0) 91T (20'0) S0'0 (20'0) SO0 (¢T0) 69°€ (€00)0T'T (20'0) L8O (d¥)dD+LSIaXVIN
F1T0)9TT (€8°0) L9'TT #0'0) ¥8'T (€0'0) SS°0O (€0°0) 99°0 (€T°0) ¥T'T #0'0) ¥1'C (€0°0) 8¥'T oo)zre (20'0) S0'0 (€0°0) £0°0 (82°0) v9'¢ (€0°0) 60°T (€0°0) 98°0 (TT)dD+LSIAXVIN
(20'0) L¥'0 (€0'T) SS'ET #0'0) 281 (20'0) 09°0 (€0°0) 09°0 (€1°0) 02T Fo0)zre (€0°0) 8¥'T (90'0) 81T (€0°0) 900 (S0°0) IT°0 (TT0) L9€ (€0'0)0T'T (20'0) L8O (d9)dD +1IAxXVIN
(£0'0) 150 (T9'T) LSTT #0°0) ¥8'T (€0°0) ¥¥'0 #0'0) 9¢'0 (€1°0) €2°C #0'0) ¥1'C (€0°0) 6¥°'T (L0'0) 81T (€0'0) 800 (S0°0) ¥1°0 (TT0) 1L°€ (€00)2r'T (20'0) 68°0 (TDdD+13aXVIN
(00°0) 000 (0T°€L1) 60981 (#0°0) 68T (20'0) 650 (20'0) 09°0 #1°0) 82T #0'0) 0Z'C (€0'0) €S'T (90'0) 2T'T (20'0) 800 #0'0) €T°0 (8T0) T8'€E (€00) ST'T (20'0) 160 (d¥)dD+5VIaXVIN
(00°0) 000 (#€'0) 90°01 #0°0) 48T (€0°0) ¥¥'0 #0'0) LE'O (€1°0) STT #0'0) 61T (€0'0) €S'T (90'0) ¥T'T (20'0) 800 #0'0) €T°0 (Lzo)eLe (€00) €T'T (20°0) 060 (T dD+5VIAXVIN
(00'0) 100 FL'0) s9°€e (€0°0) ¥8'T (T0'0) LLO (10'0) ¥8°0 91'0)TTeT (T0'0) 61T (20'0) €S'T (90'0) 88T (€0'0) €T°0 #0'0) €T°0 (Iz'0) 1€°¢ (T00) €T'T (20'0) 68°0 (1)04O+5VIAXVIN
(10°0) 100 (T2°0) vLee (€0°0) 48T (€0°0) LT°0 (€0'0) 61°0 (€1°0) 92T (¢0'0) 12T (T0'0) ¥S'T (80°0) 68T (20'0) ¥€'0 (€0°0) 62°0 (s€0) 6¥°¢ (€00)2I'T (20'0) 68°0 (2)D90 +5VIAXVIN
(00°0) 000 (98'T) $9'91 (S0°0) 88T (000) 00'T (000) 00'T 91°0) 0E'T #0'0) 02T (€0°0) ¥S'T (90'0) 0Z°C (€0'0) IT°0 (€0'0) 2’0 (0g0) 8L°€ (€0°0) ¥T'T (20°0) 060 (1) AV +OVIAXVIN
(00°0) 000 (IT'e) 2E61 (90°0) ¥6'T (€0'0) SO0 (€0'0) 900 (81°0) 6€C (S0°0) ¥T'T #0'0) 95T (80°0) €T'C (00°0) 00'T (000) 00'T (¢e0) 69°€ #0'0)0T'T (€0'0) 88°0 (2)IV+5OVIAXVIN
(00°0) 000 (00'0) 100 (S0°0) 06'T (€0°0) 10°0- (€0°0) 20'0- (ST'0) S€'T #0'0) 81T (€0'0)2TS'T (80°0) 2T'T (20'0) 100 (20'0) 100 (ozo)eLe (€00) €T'T (€0°0) 06°0 ANY +9VIAXVIA
uomI[RS [Py %S6 oty 0Dd AXVIA ASIAY AVIN %S6 ds 00d AXVIN ASING AVIN
Elitig 90107 A31ouyg POYILIN

"sosay1ualed ul

Cw>_w 9Je uesaW 3yl uo siodis piepuelg ‘Spuodss ul Cw>_m °Je sswn ||V (\_OE\_mux ul 3J€ SIoJJs 32404 3yl 3|Iym ._OE\_mux ul Cw>_w aJe siodlo ASJsus oy

'sda1s 7y Jono s8eiane ue se OINWI((0] {000 ‘001) 404 paIndwiod aie sanjeA ||y "BIEp 1591 UO Pa1eN|eAS S3210) DIWOIE pue S3ISISUS |B10] JOJ SIUSIDIS0D
uoile|p.400 (DYS) uewdeadg pue ()DHd) uosiead ‘(IXVIN) 404419 wnwixew ‘(JSNY) 40449 sienbs-uesw-1004 ‘(Jy|\) 40419 91njosge uesw ay| €T d|qel

24



(¥0'0) SS'T (T0°0) 89°0 (T0°0) 820 (ST0)v6'T (€00)9LT (zo0) 8T'T (£00) 08T (T0°0) 90°0 (20'0) 60°0 (81T°0) LT€ (€0°0) 68°0 (20'0) 69°0 (d¥) Lvad+andT
¥0°0) LS'T (20'0) 890 (€001 920 (8T°0) 10°C #0'0) 64T (e00)0T'T (s0'0) 89T (T10°0) 1T°0 (¥0'0) 810 (Te'0) ¥6'T (z0'0) ¥8°0 (10'0) S9°0 (T IVEd+ANDT
(#0'0) 95T (20'0) ¥9°0 (10°0) 220 9z0)€erT (€00) LLT (T0'0) LT'T #0'0) 6S'T (€0°0) £0°0 (#0'0) 80°0 (61°0) 08'C (¢0'0) 080 (100) ¥9'0  (d¥).IVAd+1ISIAXVIN
(g¢00)est (T0'0) ¥9°0 (zo'0) sL0 ¥T0) L6T Fo0)eLt (€00) LT'T #0'0) 6S'T (€0°0) 900 (L00) €10 y'0) Lo (€0'0) ¥8°0 (20'0) 90  (TDIVAL+LISIAXVIN
(To0) ¥S'T (T00) TL0 (T0°0) ¥8°0 (0T°0) 48T (Too) vL'T (zo0)9T'T (500) 09T (10°0) 200 (z0'0) L0O0O (€T°0) ¥9C (z0'0) T80 (20'0) s9°0 (d¥)dD +LSIAXVIA

(€0°0) SS'T (zo0) TL0 (10°0) 18°0 91°0)96'1 (€00) LLT (T0'0) LT'T (90'0) €s'T (10°0) 900 (#0°0) 110 (§T°0) S6'C (€0°0) 18°0 (20'0) €9°0 (TDdD +1SIAXVIA
(€00) 2’1 (10°0) 890 (20'0) €9°0 (z10) 881 (€00)SLT (To0) LT'T (so0)sst (€0°0) L00 (¥0'0) €T°0 L1°0) 06T (10'0) s8°0 (10°0) £9°0 (d¥)dD+13aXVIN
(50°0)9S'T (€0°0) 6t°0 (€0°0) LEO L1ro) 86t #0'0) 08T (e00)0T'T (50°0) 69T (20'0) 80°0 (80°0) ZT°0 (Lg'0) Lo (20'0) 980 (10°0) 290 (TDdD+1aaxvIN

(€00)9S'T (10°0) £9°0 (20'0) €9°0 91°0)681 (€0'0) 08T (zoo) 121 (500) €91 (20'0) 80°0 (€00) IT°0 (8T°0) 06T (z0'0) ¥8°0 (20'0) 89°0 (d9)dD+9VIAXVIA
(90'0) 85°1T (#0'0) 9%°0 (¥0'0) 8€0 (Tz0) 00T (s0'0) €81 (€00)€T'T 900) 11T (20'0) 60°0 (90°0) 61°0 (92°0) 86'C (¢0'0) £L8°0 (20'0) 69°0 (TT)dD +5VIAXVIN
(200) vS'T (20'0) 18°0 (T0°0) 060 (0z°0)96'T (zoo) ee't (Too) €Tt ool er't (€0'0) 1T°0 (20'0) 60°0 (0T'0) LST (T0°0) 480 (10'0) 69°0 (1) D40 +OVIAXVIN
(zoo) 8s'T (€00)91°0 (z0'0) 810 ©10)96'1T (zo0) s8'T (T00) szt (90'0) 6T (T10°0) €€°0 (T0°0) L0 (ev'0)TLe (€0°0) S8°0 (20'0) L9°0 (2)D9dO+5VIAXVIN

(€00) 65T (00°0) 00T (000) 00T (12°0) 10T (€0°0) ¥8'1 (czo0)vet (20'0) 691 (¢00) 210 (S0'0) 1T°0 (22'0)96'C (20'0) 98°0 (20'0) 89°0 () AV +5DVIAXVIN
(S00) 291 (20'0) €00 (€0'0) s0°0 (0z°0) L0T #0'0) s8'T (€00)sT'1 (¥0'0) 8S'T (00°0) 00T (000) 00T (€L'0) 8s'€ (€0'0) 280 (20°0) ¥9°0 (4)IV +OVIAXVIN
(€0°0) 4S'T (€0°0) 10°0- (€0°0) 200~ #1°0) 86T (20'0) 081 (zoo) €Tt #00) 64T (10'0) 20’0 (20'0) €00 (91°0) 96°C (20'0) 06’0 (¢0'0) TL0 ANY +5OVIAXVIN

%S6 o¥s 00d IXVIN HSINY HVIN %56 o4s 00d HXVIN HSINY HVIN
90104 A313uyg POYIRIN

"sasayjualed ul usAIS
2Je UESW 3Y] UO SIOLD PIEPUELS "Y//|OW /|EDY Ul S4B SIOLIS 2404 dY1 3|IyM ‘jow/|ed¥ ul USAIS 3Je sioud ASJsud ay| “uswadxe OINIWI(O(T 0001 ‘001)
ay3 Joj paulelqo [ppow |euly syl Suikojdws pandwiod sue sanjea ||y "BIEP 1S9] UO PIIEN|BAS S9240) DIWOIE PUB S3ISIoUD [BIO] JOJ SIUSIDISS0D UOIle)
-1100 (DYS) uewuesdg pue (D)D) uosiesd ‘(IXVIN) 4045 wnwixew ‘(JSNY) Jo4is asenbs-uesw-1004 ‘(Jy|N) 40449 9INjosqe uesw sy HI d|qel

25



1.23 1

1.21 A

1.18

1.16

Force MAE in kcal/mol/A

1.14 1

32 64
Acquisition batch size Nypaten

Force RMSE in kcal/mol/A

1.83 1

1.80 4

1.76

1.73 1

1.69

=p - MAXDET+GP(LL)
=p - MAXDET+GP(RP)

=p - MAXDIST+FEAT(LL)
=p = MAXDIST+FEAT(RP)

32 64
Acquisition batch size Nyaten

Force MAXE in kcal/mol/A

2.39

2214

2.03 4

1.88

1.73 1

32 64
Acquisition batch size Npatcn

~¢ - LCMD+FEAT(LL)
—¢- LCMD+FEAT(RP)

Figure 16 Comparison of the last layer and random projections gradient feature maps on the LMNTO data set. 101 The
mean absolute errors (MAE), root-mean-square errors (RMSE), and maximum errors (MAXE) of atomic forces are plot-
ted against the acquired batch size Nyaen. All corresponding values are given for the (100, 1000;{25,50,100} ) mNnTO
BMDAL experiments. Shaded areas denote the standard error on the mean evaluated over five independent runs.
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Figure 18 Learning curves for the LMNTO data set.1%1L The mean absolute errors (MAE), root-mean-square errors
(RMSE), and maximum errors (MAXE) of the total energy are plotted against the training set size acquired during
BMDAL. All corresponding values are given for the (100,1000; 100);mnto BMDAL experiment. The training errors
before the first BMDAL step are identical for most methods since they use the same random seed. This does not
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