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1 MD17
Here, additional results on the aspirin molecules from the MD17 data set1–4 are presented. Table 1
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)MD17 BMDAL experiment. The respective results for
(100,1000;100)MD17 can be found in Table 3 and Table 4. 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. 6 present the batch size dependence and
the learning curves for (100,1000;{10,25,50,100})MD17 or (100,1000;100)MD17, 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 Nbatch. All errors are evaluated for the last BMDAL step on
the aspirin molecule data from MD17.1–4 All corresponding values are given for the (10,100;{2,5,10})MD17 BMDAL
experiments. Shaded areas denote the standard error on the mean evaluated over five independent runs.

16 32 64

Training set size Ntrain

0.58

0.77

1.03

1.37

1.82

E
ne

rg
y

M
A

E
in

kc
al

/m
ol

16 32 64

Training set size Ntrain

0.75

1.01

1.35

1.80

2.41

E
ne

rg
y

R
M

SE
in

kc
al

/m
ol

16 32 64

Training set size Ntrain

4.56

6.31

8.73

12.07

16.69

E
ne

rg
y

M
A

X
E

in
kc

al
/m

ol

MAXDIAG+RND
MAXDIAG+QBC(F)

MAXDIAG+AE(F)
MAXDIAG+GP(LL)

MAXDET+GP(LL)
MAXDIST+FEAT(LL)

LCMD+FEAT(LL)

Figure 2 Learning curves for the aspirin molecule data from MD17.1–4 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)MD17 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 3 Comparison of the last layer and random projections gradient feature maps on the aspirin molecule data
from MD17.1–4 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 Nbatch. All corresponding values are given for the
(10,100;{2,5,10})MD17 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 Nbatch. All errors are evaluated for the last BMDAL step on
the aspirin molecule data from MD17.1–4 All corresponding values are given for the (100,1000;{10,25,50,100})MD17

BMDAL experiments. Shaded areas denote the standard error on the mean evaluated over five independent runs.
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Figure 5 Learning curves for the aspirin molecule data from MD17.1–4 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)MD17 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 MD17.1–4 The mean absolute errors (MAE), root-mean-square errors (RMSE), and maximum errors (MAXE)
of atomic forces are plotted against the acquired batch size Nbatch. All corresponding values are given for the
(100,1000;{10,25,50,100})MD17 BMDAL experiments. Shaded areas denote the standard error on the mean evaluated
over five independent runs.
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2 QM9
Here, additional results on the QM9 data set5–7 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)QM9 BMDAL experiment. The respective results for (5000,25000;250)QM9 can be
found in Table 7 and Table 8. Fig. 7 and Fig. 8 present the learning curves for the (5000,25000;250)QM9
experiment.
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Figure 7 Learning curves for the QM9 data set.5–7 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)QM9 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.5–7 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)QM9 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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3 TiO2

Here, additional results on the TiO2 data set8,9 are presented. Table 9 and Table 10 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)TiO2

BMDAL experiment. The respective results for (500,2500;250)TiO2
can be found in

Table 11 and Table 12.
Fig. 9, Fig. 10, and Fig. 11 complement the results obtained in the main mansucript on atomic

forces with the results for the total energy. Fig. 12, Fig. 13, and Fig. 14 present the batch size depen-
dence and the learning curves for (500,2500;{50,100,250})TiO2

or (500,2500;250)TiO2
, respectively.
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Figure 10 Learning curves for the TiO2 data set.
8,9 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)TiO2 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 TiO2 data set.8,9 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 Nbatch. All corresponding values are given for the (10,250;{2,5,10})TiO2

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 Nbatch. All errors are evaluated for the last BMDAL step on
the TiO2 data set.8,9 All corresponding values are given for the (500,2500;{50,100,250})TiO2 BMDAL experiments.
Shaded areas denote the standard error on the mean evaluated over five independent runs.
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/Å

512 1024 2048

Training set size Ntrain

4.10

5.43

7.19

9.52

12.61

Fo
rc

e
R

M
SE

in
kc

al
/m

ol
/Å
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Figure 13 Learning curves for the TiO2 data set.
8,9 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)TiO2 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 TiO2 data set.8,9 The
mean absolute errors (MAE), root-mean-square errors (RMSE), and maximum errors (MAXE) of atomic forces are
plotted against the acquired batch size Nbatch. All corresponding values are given for the (500,2500;{50,100,250})TiO2

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 set10,11 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)LMNTO BMDAL experiment.

Fig. 15, and Fig. 16 present the the learning curves and batch size dependence for the (100,1000;100)LMNTO
or (100,1000;{25,50,100})LMNTO experiments, 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.10,11 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)LMNTO 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



Ta
bl
e
13

T
he

m
ea
n
ab
so
lu
te

er
ro
r
(M

A
E)
,
ro
ot
-m

ea
n-
sq
ua
re

er
ro
r
(R

M
SE

),
m
ax
im

um
er
ro
r
(M

A
X
E)
,
Pe

ar
so
n
(P

C
C
)
an
d
Sp

ea
rm

an
(S
R
C
)
co
rr
el
at
io
n

co
effi

ci
en
ts

fo
r
to
ta
le

ne
rg
ie
s
an
d
at
om

ic
fo
rc
es

ev
al
ua
te
d
on

te
st

da
ta
.
A
ll
va
lu
es

ar
e
co
m
pu

te
d
fo
r
(1

00
,1

00
0;

10
0)

L
M

N
TO

as
an

av
er
ag
e
ov
er

A
L
st
ep
s.

T
he

en
er
gy

er
ro
rs

ar
e
gi
ve
n
in

kc
al
/m

ol
,w

hi
le

th
e
fo
rc
e
er
ro
rs

ar
e
in

kc
al
/m

ol
/Å

.A
ll
tim

es
ar
e
gi
ve
n
in

se
co
nd

s.
St
an
da
rd

er
ro
rs

on
th
e
m
ea
n
ar
e
gi
ve
n

in
pa
re
nt
he
se
s.

M
et

ho
d

En
er

gy
Fo

rc
e

Ti
m

e

M
A

E
R

M
SE

M
A

X
E

PC
C

SR
C

95
%

M
A

E
R

M
SE

M
A

X
E

PC
C

SR
C

95
%

Ke
rn

el
Se

le
ct

io
n

M
A

X
D

IA
G

+
R

N
D

0.
90

(
0.

03
)

1.
13

(
0.

03
)

3.
72

(
0.

20
)

0.
01

(
0.

02
)

0.
01

(
0.

02
)

2.
22

(
0.

08
)

1.
52

(
0.

03
)

2.
18

(
0.

04
)

2.
35

(
0.

15
)

-0
.0

2
(

0.
03

)
-0

.0
1

(
0.

03
)

1.
90

(
0.

05
)

0.
01

(
0.

00
)

0.
00

(
0.

00
)

M
A

X
D

IA
G

+
A

E
(E

)
0.

88
(

0.
03

)
1.

10
(

0.
04

)
3.

69
(

0.
32

)
1.

00
(

0.
00

)
1.

00
(

0.
00

)
2.

13
(

0.
08

)
1.

56
(

0.
04

)
2.

24
(

0.
05

)
2.

39
(

0.
18

)
0.

06
(

0.
03

)
0.

05
(

0.
03

)
1.

94
(

0.
06

)
19

.3
2

(
3.

11
)

0.
00

(
0.

00
)

M
A

X
D

IA
G

+
A

E
(F

)
0.

90
(

0.
02

)
1.

14
(

0.
03

)
3.

78
(

0.
30

)
0.

12
(

0.
03

)
0.

11
(

0.
03

)
2.

20
(

0.
06

)
1.

54
(

0.
03

)
2.

20
(

0.
04

)
2.

30
(

0.
16

)
1.

00
(

0.
00

)
1.

00
(

0.
00

)
1.

88
(

0.
05

)
16

.6
4

(
1.

86
)

0.
00

(
0.

00
)

M
A

X
D

IA
G

+
Q

B
C

(E
)

0.
89

(
0.

02
)

1.
12

(
0.

03
)

3.
49

(
0.

35
)

0.
29

(
0.

03
)

0.
34

(
0.

02
)

1.
89

(
0.

08
)

1.
54

(
0.

02
)

2.
21

(
0.

02
)

2.
26

(
0.

13
)

0.
19

(
0.

03
)

0.
17

(
0.

03
)

1.
87

(
0.

03
)

33
.7

4
(

0.
71

)
0.

01
(

0.
01

)

M
A

X
D

IA
G

+
Q

B
C

(F
)

0.
89

(
0.

02
)

1.
13

(
0.

02
)

3.
31

(
0.

21
)

0.
13

(
0.

04
)

0.
13

(
0.

03
)

1.
88

(
0.

06
)

1.
53

(
0.

02
)

2.
19

(
0.

02
)

2.
22

(
0.

16
)

0.
84

(
0.

01
)

0.
77

(
0.

02
)

1.
84

(
0.

03
)

33
.6

5
(

0.
74

)
0.

01
(

0.
00

)

M
A

X
D

IA
G

+
G

P
(L

L)
0.

90
(

0.
02

)
1.

13
(

0.
03

)
3.

73
(

0.
27

)
0.

13
(

0.
04

)
0.

08
(

0.
02

)
2.

24
(

0.
06

)
1.

53
(

0.
03

)
2.

19
(

0.
04

)
2.

25
(

0.
13

)
0.

37
(

0.
04

)
0.

44
(

0.
03

)
1.

87
(

0.
04

)
10

.0
6

(
0.

34
)

0.
00

(
0.

00
)

M
A

X
D

IA
G

+
G

P
(R

P
)

0.
91

(
0.

02
)

1.
15

(
0.

03
)

3.
82

(
0.

28
)

0.
13

(
0.

04
)

0.
08

(
0.

02
)

2.
22

(
0.

06
)

1.
53

(
0.

03
)

2.
20

(
0.

04
)

2.
28

(
0.

14
)

0.
60

(
0.

02
)

0.
59

(
0.

02
)

1.
89

(
0.

04
)

18
6.

09
(

17
3.

20
)

0.
00

(
0.

00
)

M
A

X
D

E
T
+

G
P

(L
L)

0.
89

(
0.

02
)

1.
12

(
0.

03
)

3.
71

(
0.

22
)

0.
14

(
0.

05
)

0.
08

(
0.

03
)

2.
18

(
0.

07
)

1.
49

(
0.

03
)

2.
14

(
0.

04
)

2.
23

(
0.

13
)

0.
36

(
0.

04
)

0.
44

(
0.

03
)

1.
84

(
0.

04
)

12
.5

7
(

2.
62

)
0.

51
(

0.
07

)

M
A

X
D

E
T
+

G
P

(R
P

)
0.

87
(

0.
02

)
1.

10
(

0.
03

)
3.

67
(

0.
22

)
0.

11
(

0.
05

)
0.

06
(

0.
03

)
2.

18
(

0.
06

)
1.

48
(

0.
03

)
2.

12
(

0.
04

)
2.

20
(

0.
13

)
0.

60
(

0.
03

)
0.

60
(

0.
02

)
1.

82
(

0.
04

)
13

.5
5

(
1.

03
)

0.
47

(
0.

02
)

M
A

X
D

IS
T
+

G
P

(L
L)

0.
86

(
0.

03
)

1.
09

(
0.

03
)

3.
64

(
0.

28
)

0.
07

(
0.

03
)

0.
05

(
0.

02
)

2.
12

(
0.

07
)

1.
48

(
0.

03
)

2.
14

(
0.

04
)

2.
24

(
0.

13
)

0.
66

(
0.

03
)

0.
55

(
0.

03
)

1.
84

(
0.

04
)

11
.6

7
(

0.
83

)
1.

16
(

0.
14

)

M
A

X
D

IS
T
+

G
P

(R
P

)
0.

87
(

0.
02

)
1.

10
(

0.
03

)
3.

69
(

0.
22

)
0.

05
(

0.
02

)
0.

05
(

0.
02

)
2.

16
(

0.
06

)
1.

48
(

0.
03

)
2.

13
(

0.
04

)
2.

23
(

0.
14

)
0.

67
(

0.
02

)
0.

56
(

0.
02

)
1.

83
(

0.
04

)
13

.1
4

(
1.

13
)

1.
15

(
0.

15
)

M
A

X
D

IS
T
+

FE
AT

(L
L)

0.
87

(
0.

02
)

1.
10

(
0.

03
)

3.
74

(
0.

30
)

0.
06

(
0.

04
)

0.
02

(
0.

02
)

2.
14

(
0.

08
)

1.
48

(
0.

03
)

2.
14

(
0.

04
)

2.
26

(
0.

16
)

0.
61

(
0.

03
)

0.
49

(
0.

03
)

1.
85

(
0.

05
)

11
.7

6
(

1.
27

)
1.

07
(

0.
12

)

M
A

X
D

IS
T
+

FE
AT

(R
P

)
0.

87
(

0.
02

)
1.

10
(

0.
03

)
3.

64
(

0.
26

)
0.

05
(

0.
03

)
0.

04
(

0.
02

)
2.

15
(

0.
06

)
1.

48
(

0.
02

)
2.

13
(

0.
03

)
2.

30
(

0.
15

)
0.

62
(

0.
03

)
0.

47
(

0.
03

)
1.

84
(

0.
04

)
13

.4
5

(
0.

69
)

1.
17

(
0.

12
)

LC
M

D
+

FE
AT

(L
L)

0.
88

(
0.

02
)

1.
11

(
0.

03
)

3.
83

(
0.

34
)

0.
12

(
0.

04
)

0.
08

(
0.

02
)

2.
17

(
0.

06
)

1.
51

(
0.

03
)

2.
17

(
0.

04
)

2.
36

(
0.

18
)

0.
65

(
0.

03
)

0.
56

(
0.

02
)

1.
88

(
0.

05
)

10
.8

5
(

0.
26

)
1.

46
(

0.
05

)

LC
M

D
+

FE
AT

(R
P

)
0.

88
(

0.
02

)
1.

12
(

0.
03

)
4.

10
(

0.
29

)
0.

12
(

0.
03

)
0.

10
(

0.
03

)
2.

18
(

0.
06

)
1.

50
(

0.
03

)
2.

16
(

0.
03

)
2.

35
(

0.
15

)
0.

67
(

0.
02

)
0.

56
(

0.
02

)
1.

88
(

0.
04

)
13

.1
9

(
0.

25
)

1.
46

(
0.

05
)

24



Ta
bl
e
14

T
he

m
ea
n
ab
so
lu
te

er
ro
r
(M

A
E)
,
ro
ot
-m

ea
n-
sq
ua
re

er
ro
r
(R

M
SE

),
m
ax
im

um
er
ro
r
(M

A
X
E)
,
Pe

ar
so
n
(P

C
C
)
an
d
Sp

ea
rm

an
(S
R
C
)
co
rr
e-

la
tio

n
co
effi

ci
en
ts

fo
r
to
ta
l
en
er
gi
es

an
d
at
om

ic
fo
rc
es

ev
al
ua
te
d
on

te
st

da
ta
.

A
ll
va
lu
es

ar
e
co
m
pu

te
d
em

pl
oy
in
g
th
e
fin

al
m
od

el
ob

ta
in
ed

fo
r
th
e

(1
00
,1

00
0;

10
0)

L
M

N
TO

ex
pe
rim

en
t.

T
he

en
er
gy

er
ro
rs

ar
e
gi
ve
n
in

kc
al
/m

ol
,
w
hi
le

th
e
fo
rc
e
er
ro
rs

ar
e
in

kc
al
/m

ol
/Å

.
St
an
da
rd

er
ro
rs

on
th
e
m
ea
n
ar
e

gi
ve
n
in

pa
re
nt
he
se
s.

M
et

ho
d

En
er

gy
Fo

rc
e

M
A

E
R

M
SE

M
A

X
E

PC
C

SR
C

95
%

M
A

E
R

M
SE

M
A

X
E

PC
C

SR
C

95
%

M
A

X
D

IA
G

+
R

N
D

0.
72

(
0.

02
)

0.
90

(
0.

02
)

2.
96

(
0.

16
)

0.
03

(
0.

02
)

0.
02

(
0.

01
)

1.
79

(
0.

04
)

1.
23

(
0.

02
)

1.
80

(
0.

02
)

1.
98

(
0.

14
)

-0
.0

2
(

0.
03

)
-0

.0
1

(
0.

03
)

1.
57

(
0.

03
)

M
A

X
D

IA
G

+
A

E
(E

)
0.

64
(

0.
02

)
0.

82
(

0.
03

)
3.

58
(

0.
73

)
1.

00
(

0.
00

)
1.

00
(

0.
00

)
1.

58
(

0.
04

)
1.

25
(

0.
03

)
1.

85
(

0.
04

)
2.

07
(

0.
20

)
0.

05
(

0.
03

)
0.

03
(

0.
02

)
1.

62
(

0.
05

)

M
A

X
D

IA
G

+
A

E
(F

)
0.

68
(

0.
02

)
0.

86
(

0.
02

)
2.

96
(

0.
22

)
0.

11
(

0.
05

)
0.

12
(

0.
03

)
1.

69
(

0.
02

)
1.

24
(

0.
02

)
1.

84
(

0.
03

)
2.

01
(

0.
21

)
1.

00
(

0.
00

)
1.

00
(

0.
00

)
1.

59
(

0.
03

)

M
A

X
D

IA
G

+
Q

B
C

(E
)

0.
67

(
0.

02
)

0.
85

(
0.

03
)

2.
72

(
0.

43
)

0.
27

(
0.

01
)

0.
33

(
0.

01
)

1.
39

(
0.

06
)

1.
25

(
0.

01
)

1.
85

(
0.

02
)

1.
96

(
0.

16
)

0.
18

(
0.

02
)

0.
16

(
0.

03
)

1.
58

(
0.

02
)

M
A

X
D

IA
G

+
Q

B
C

(F
)

0.
69

(
0.

01
)

0.
87

(
0.

01
)

2.
57

(
0.

10
)

0.
09

(
0.

02
)

0.
11

(
0.

03
)

1.
42

(
0.

04
)

1.
23

(
0.

01
)

1.
82

(
0.

02
)

1.
96

(
0.

20
)

0.
90

(
0.

01
)

0.
81

(
0.

02
)

1.
54

(
0.

02
)

M
A

X
D

IA
G

+
G

P
(L

L)
0.

69
(

0.
02

)
0.

87
(

0.
02

)
2.

98
(

0.
26

)
0.

19
(

0.
06

)
0.

09
(

0.
02

)
1.

71
(

0.
06

)
1.

23
(

0.
03

)
1.

83
(

0.
05

)
2.

00
(

0.
21

)
0.

38
(

0.
04

)
0.

46
(

0.
04

)
1.

58
(

0.
06

)

M
A

X
D

IA
G

+
G

P
(R

P
)

0.
68

(
0.

02
)

0.
84

(
0.

02
)

2.
90

(
0.

18
)

0.
11

(
0.

03
)

0.
08

(
0.

02
)

1.
63

(
0.

05
)

1.
21

(
0.

02
)

1.
80

(
0.

03
)

1.
89

(
0.

16
)

0.
63

(
0.

02
)

0.
67

(
0.

01
)

1.
56

(
0.

03
)

M
A

X
D

E
T
+

G
P

(L
L)

0.
67

(
0.

01
)

0.
86

(
0.

02
)

3.
07

(
0.

37
)

0.
17

(
0.

08
)

0.
08

(
0.

02
)

1.
69

(
0.

05
)

1.
20

(
0.

03
)

1.
80

(
0.

04
)

1.
98

(
0.

17
)

0.
37

(
0.

03
)

0.
49

(
0.

03
)

1.
56

(
0.

05
)

M
A

X
D

E
T
+

G
P

(R
P

)
0.

67
(

0.
01

)
0.

85
(

0.
01

)
2.

90
(

0.
17

)
0.

13
(

0.
04

)
0.

07
(

0.
03

)
1.

75
(

0.
05

)
1.

17
(

0.
02

)
1.

75
(

0.
03

)
1.

88
(

0.
12

)
0.

63
(

0.
02

)
0.

68
(

0.
01

)
1.

52
(

0.
03

)

M
A

X
D

IS
T
+

G
P

(L
L)

0.
63

(
0.

02
)

0.
81

(
0.

03
)

2.
95

(
0.

25
)

0.
11

(
0.

04
)

0.
06

(
0.

01
)

1.
53

(
0.

06
)

1.
17

(
0.

02
)

1.
77

(
0.

03
)

1.
96

(
0.

16
)

0.
81

(
0.

01
)

0.
72

(
0.

02
)

1.
55

(
0.

03
)

M
A

X
D

IS
T
+

G
P

(R
P

)
0.

65
(

0.
02

)
0.

82
(

0.
02

)
2.

64
(

0.
13

)
0.

07
(

0.
02

)
0.

07
(

0.
01

)
1.

60
(

0.
05

)
1.

16
(

0.
02

)
1.

74
(

0.
02

)
1.

87
(

0.
10

)
0.

84
(

0.
01

)
0.

72
(

0.
01

)
1.

54
(

0.
02

)

M
A

X
D

IS
T
+

FE
AT

(L
L)

0.
65

(
0.

02
)

0.
84

(
0.

03
)

3.
07

(
0.

47
)

0.
13

(
0.

07
)

0.
06

(
0.

03
)

1.
59

(
0.

04
)

1.
17

(
0.

03
)

1.
73

(
0.

04
)

1.
97

(
0.

24
)

0.
75

(
0.

02
)

0.
64

(
0.

02
)

1.
52

(
0.

03
)

M
A

X
D

IS
T
+

FE
AT

(R
P

)
0.

64
(

0.
01

)
0.

80
(

0.
02

)
2.

80
(

0.
19

)
0.

08
(

0.
04

)
0.

07
(

0.
03

)
1.

59
(

0.
04

)
1.

17
(

0.
02

)
1.

77
(

0.
03

)
2.

13
(

0.
26

)
0.

77
(

0.
01

)
0.

64
(

0.
02

)
1.

56
(

0.
04

)

LC
M

D
+

FE
AT

(L
L)

0.
65

(
0.

01
)

0.
84

(
0.

02
)

2.
94

(
0.

32
)

0.
18

(
0.

04
)

0.
11

(
0.

01
)

1.
68

(
0.

05
)

1.
20

(
0.

03
)

1.
79

(
0.

04
)

2.
01

(
0.

18
)

0.
76

(
0.

03
)

0.
68

(
0.

02
)

1.
57

(
0.

04
)

LC
M

D
+

FE
AT

(R
P

)
0.

69
(

0.
02

)
0.

89
(

0.
03

)
3.

27
(

0.
18

)
0.

09
(

0.
02

)
0.

06
(

0.
01

)
1.

80
(

0.
07

)
1.

18
(

0.
02

)
1.

76
(

0.
03

)
1.

94
(

0.
15

)
0.

78
(

0.
01

)
0.

68
(

0.
01

)
1.

55
(

0.
04

)

25



32 64

Acquisition batch size Nbatch

1.14

1.16

1.18

1.21

1.23

Fo
rc

e
M

A
E

in
kc

al
/m

ol
/Å
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Figure 16 Comparison of the last layer and random projections gradient feature maps on the LMNTO data set.10,11 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 Nbatch. All corresponding values are given for the (100,1000;{25,50,100})LMNTO

BMDAL experiments. Shaded areas denote the standard error on the mean evaluated over five independent runs.
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Figure 17 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 Nbatch. All errors are evaluated for the last BMDAL step
on the LMNTO data set.10,11 All corresponding values are given for the (100,1000;{25,50,100})LMNTO 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.10,11 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)LMNTO 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 19 Comparison of the last layer and random projections gradient feature maps on the LMNTO data
set.10,11 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 Nbatch. All corresponding values are given for the
(100,1000;{25,50,100})LMNTO BMDAL experiments. Shaded areas denote the standard error on the mean eval-
uated over five independent runs.
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