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Computational details

The library of benzannulated biphenylenes was automatically generated using Sbuilder.py’, a
purposed made python code, using the following command:

>> python Sbuilder.py dbcbd.xyz -gen 6 -out dbcbd_6_gen.xyz -opt mmff

The code sequentially attaches benzene rings to an input scaffold and assigns an internal code in
the following way:
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dbcbd dbcbd:C5-Cé dbcbd:C5-C6:C10-C11 dbcbd:C5-C6:C10-C11:C1g1-C2g1

192 9 8

Scheme S1. Example of internal code nomenclature used in the structure generation process. Indices of each next-
generation structure show the C—C bond to which the new benzene ring is aligned. Numbers such as 3g2 mean the
“3rd atom of the 2nd attachment generation”, while numbers without g mean atoms from the original biphenylene
scaffold.

Initial geometries were automatically pre-optimized using the Merck molecular force field
(MMFF).2The geomatries were gathered in a multi-xyz file provided separately as supplementary
information (dbcbd_6_gen.xyz).

Randomly picked members of the library were reoptimized at the (U)M06-2X%/def2-SVP* level
of theory for both the So and T; states and single point energy calculations were carried out with
the same functional using the def2-TZVPP* basis set. The restricted formalism was used for the
calculation of the Sy states and the unrestricted one for the T, states. Calculations of vibrational
frequencies verified that the optimized geometries are minima in the potential energy surfaces.
Vertical S1 (at So geometry) excited states were computed using time-dependent density
functional theory (TD-DFT)* with the same method. The reported S1/T1 ratios were obtained
using electronic energies obtained computed at the (U)M06-2X/def2-TZVPP level of theory.

All calculations were performed using Gaussianl6 program.® Gaussian input files were
automatically generated using the QPREP module included in the AQME program.’ using the
following command line:

>> python -m agme --qprep --program "gaussian" --gm_input "m@62x/def2svp
opt freg=noraman" --files "dbcbd_6_gen.xyz”

Manipulation of input files to include single point energy calculations and/or TD-DFT
calculations was done using standard bash scripting. Examples of input files are provided
separately as supplementary information (dbchd_6_gen_conf _1.com and
dbcbd 6 _gen_conf 1 tl.com)

The input file used for training set generation (biphenylenes_gen 6 round_1 code_smiles.csv)
contained a code name for each member of the training set and their corresponding SMILES,
which was automatically obtained from xyz files using the Open Babel program.®

>> obabel -i *.xyz -osmi

Training set generation was done using the CSEARCH and QDESCP modules included in the
AQME program (v. 1.7.2) using the following commands:



>> python -m agme --csearch --program "rdkit" --input
"biphenylenes_gen_6_round_1 code_smiles.csv"

>> python -m agme --qdescp --program "xtb" --files "CSEARCH/*.sdf"

The .CSV file resulting from the QDESCP module of AQME
(biphenylenes_gen_6_round_1 positives_ QDESCP_interpret_descriptors) was used for model
training using ROBERT? (v 2.0.0) after including a new column that corresponds to the target
variable (S1/T1), obtained from the corresponding Gaussian output files. The command line used
was:

>> python -m robert --y "S1/T1" --names "code_name" --csv_name
"QDESCP_interpret_descriptors.csv”

To predict the S1/T1 ratio of all members in the library, a new descriptor database
(biphenylenes_gen_6_full QDESCP_interpret_descriptors.csv) was created using the
CSEARCH and QDESCP modules included in the AQME program, using the following
command:

>> python -m robert --predict --csv_test
biphenylenes gen 6 full QDESCP_interpret_descriptors.csv.csv

A new training set containing 89 extra points with predicted S1/T1 values greater than 2.0
(biphenylenes_gen 6_round_2_QDESCP_interpret_descriptors) was constructed repeating the
steps described above.

A test (biphenylenes gen 6 round_2 test set QDESCP_interpret_descriptors) set made of
randomly picker members of the library was used in this second round of model training to assess
model’s performance. The command use was the following:

>> python -m robert --y "S1/T1" --names "code_name" --csv_name
"QDESCP_interpret_descriptors.csv" --csv_test
"biphenylenes_gen 6 _round_2 test set QDESCP_interpret_descriptors.csv"

Predictions were done again using the full database using the same command. Predicted values
are gathered in a .csv file provided separately as supplementary information
(biphenylenes_gen_6_round 2 predicted NN_No_PFI).

Additional model training testing custom combinations of descriptors and algorithms was done
using ROBERT’s graphical user interface EasyROB available at:
https://robert.readthedocs.io/en/latest/Install/gui.html. The results obtained are gathered in Table
S1 of this document.

All input and output files necessary to reproduce the results are included as supplementary
information together with the corresponding ROBERT reports.


https://robert.readthedocs.io/en/latest/Install/gui.html

Table S1. Metrics obtained in round 2 of model training using custom combinations of descriptors and algorithms.

Descriptors Algorithm R2 MAE RMSE Robert Score
Entry So-Tigap | Electronegativity | Second EA | G of H-bonds H,O | MolLogP | Dipole module 5XCV | TEST | 5xCV | TEST | 5xCV | TEST
1 yes yes yes yes yes yes NN 0.95 0.96 0.061 | 0.057 | 0.086 | 0.076 8
2 yes yes yes No No No NN 0.94 0.94 0.067 | 0.064 | 0.093 | 0.094 8
3 yes yes yes No No No RF 0.91 0.9 0.086 | 0.082 0.12 0.12 8
4 yes yes yes No No No GB 0.93 0.94 0.072 | 0.063 0.1 0.094 8
5 yes yes yes No No No MVL 0.88 0.87 0.097 0.1 0.13 0.13 8
6 yes yes No No No No NN 0.93 0.94 0.072 | 0.067 | 0.098 | 0.094 9
7 yes yes No No No No RF 0.9 0.89 0.093 0.09 0.12 0.13 8
8 yes yes No No No No GB 0.92 0.92 0.077 | 0.072 0.1 0.1 8
9 yes yes No No No No MVL 0.88 0.87 0.097 0.1 0.13 0.13 8
10 yes No No No No No NN 0.92 0.9 0.078 | 0.079 0.11 0.12 8
11 yes No No No No No RF 0.91 0.91 0.081 | 0.077 0.11 0.11 8
12 yes No No No No No GB 0.92 0.89 0.081 | 0.081 0.11 0.12 8
13 yes No No No No No MVL 0.88 0.86 0.096 0.1 0.13 0.14 8
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Figure S1. Chemical structure of the fragments considered in the structural analysis of hit compounds.



Table S2. Fragment statistics in the 3835 molecules (with 505 positives). The most indicative fragments (#5 (cyclobuta[a]anthracene), #29 (dibenzo[a,g]biphenylene) and #30 (dibenzo[a,i]biphenylene) are shown in
blue.?

= Fragment False ) Fa_ll_se T!’L_Je Tru_e Accuracy | Precision | Sensitivity | True-Negative
Negatives | Positives | Positives | Negatives (%) (%) (%) Rate (%) F-score

1 cl(ccee2)c2ecl 0 3330 505 0 13.2 13.2 100.0 0.0 0.23
2 c1(c(ccec2)c2ce3)c3cecl 6 2757 499 573 28.0 15.3 98.8 17.2 0.27
3 cl(cc(ceec2)c2ce3)c3cecl 480 1508 25 1822 48.2 1.6 5.0 54.7 0.03
4 c1(c(c(ccec2)c2ee3)c3ccd)cdccl 333 1338 172 1992 56.4 114 34.1 59.8 0.17
5 c1(c(cc(cecec2)c2c3)c3ccd)cdcecl 107 661 398 2669 80.0 37.6 78.8 80.2 0.51
6 cl(c(ccc2c3ccecc2)c3ced)cdccl 372 1377 133 1953 54.4 8.8 26.3 58.6 0.13
7 c1(c(ccec?)c2c3c4cece3)cdcecl 226 718 279 2612 754 28.0 55.2 78.4 0.37
8 c1(cc(ce(ceec?)c2e3)c3cd)cdccl 493 375 12 2955 774 3.1 2.4 88.7 0.03
9 cl(cc(c(ceecc2)c2ce3)c3cd)cdccl 498 906 7 2424 63.4 0.8 1.4 72.8 0.01
10 | cl(c(c(c(cecec2)c2ee3)c3ccd)cdccs)c5ecl 462 366 43 2964 78.4 10.5 8.5 89.0 0.09
11 | cl(c(c(cc(ceece2)c2e3)c3ccd)cdcecs)c5ecl 485 295 20 3035 79.7 6.3 4.0 91.1 0.05
12 cl(c(c(cce2e3cccc2)c3ccd)cdcecs)checl 465 369 40 2961 78.3 9.8 7.9 88.9 0.09
13 c1(c(c(ccec2)c2c3c4ccece3)cdcecs)csecl 492 475 13 2855 74.8 2.7 2.6 85.7 0.03
14 c1(c(c(ccec?)c2ce3)c3c4checeed)csecl 398 339 107 2991 80.8 24.0 21.2 89.8 0.23
15 | cl(c(ce(c(ceece2)c2ee3)c3cd)cdcch)csecl 433 243 72 3087 82.4 22.9 14.3 92.7 0.18
16 | cl(c(ce(ce(ceceec2)c2e3)c3cd)cdccs)c5ecl 353 83 152 3247 88.6 64.7 30.1 97.5 0.41
17 cl(c(cc(cec2c3ceec2)c3cd)cdecs)esecl 443 253 62 3077 81.9 19.7 12.3 92.4 0.15
18 cl(c(cc(ceecc2)c2e3)c3c4cseceecd)csecl 363 210 142 3120 85.1 40.3 28.1 93.7 0.33
19 cl(c(ccc2c3ccdce(ceeccd)c2)c3cees)esecl 493 303 12 3027 79.2 3.8 2.4 90.9 0.03
20 cl(c(ccc2c3c4c(ceecd)ce2)c3cees)esecl 477 381 28 2949 77.6 6.8 5.5 88.6 0.06
21 cl(c(cce2c3cecc2)c3c4cseceed)chbecel 426 367 79 2963 79.3 17.7 15.6 89.0 0.17
22 | cl(ce(ce(c(ceceec2)c2ec3)c3cd)c4ch)csecl 503 203 2 3127 81.6 1.0 0.4 93.9 0.01
23 | cl(cc(ceee2)c2e3)c3cc(ce(ced)cdcs)esbel 497 84 8 3246 84.9 8.7 1.6 97.5 0.03
24 | cl(ce(c(c(ceece2)c2ee3)c3ccd)c4cs)csecl 505 310 0 3020 78.7 0 0 90.7 nan
25 | cl(ce(c(ce(ceceec2)c2e3)c3ccd)c4cs)c5ecl 500 226 5 3104 81.1 2.2 1.0 93.2 0.01
26 cl(cc(c(cec2c3ccecc2)c3ccd)cdcs)esecl 505 310 0 3020 78.7 0 0 90.7 nan
27 cl(cc(c(ceec2)c2c3cdcecece3)cdcs)esecl 505 197 0 3133 81.7 0 0 94.1 nan
28 cl(ccc2c3cecc2)c3c4clese(ceecs)ecd 156 450 349 2880 84.2 43.7 69.1 86.5 0.54
29 cl(c2c(ceece2)ce3)c3c4clecse(ceees)cd 486 936 19 2394 62.9 2.0 3.8 71.9 0.03
30 c1(c(ccee2)c2ee3)c3c4celese(ceees)ecd 154 449 351 2881 84.3 43.9 69.5 86.5 0.54
31 cl(ce(ceec2)c2e3)c3c4clecse(ceees)cd 502 202 3 3128 81.6 1.5 0.6 93.9 0.01

2 Definitions: True positives: fragment present, S;/T1>1.9; True negatives: fragment not present, S;/T1<=1.9; False positive: fragment present, Si/T;<=1.9; False negative: fragment not present, S,/T,>1.9.
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)
@ Section A. ROBERT Score

This score is designed to evaluate the models using different metrics.

No PFI (standard descriptor filter) - Score 8
Model = NN - CV (train+valid.):Test = 80:20
Points(train+validation):.descriptors = 224:6

[ | 1 I | I | | 1 I ]

Predicted S1/T1

1.6

1.44
e 10x 5-fold CV ) testJ

1.24

T T T T T T T T
1.2 14 1.6 1.8 2.0 2.2 2.4 2.6
S1/T1

10x 5-fold CV : R? = 0.9, MAE = 0.056, RMSE = 0.074
Test : R? = 0.92, MAE = 0.046, RMSE = 0.066

Severe warnings

No severe warnings detected

Moderate warnings
Uneven y distribution (Section C)

Highly correlated features (Section D)

Overall assessment

Decent model, but it has limitations

PFI (only important descriptors) - Score 8
Model = MVL - CV (train+valid.):Test = 80:20
Points(train+validation):.descriptors = 224:4

[ | 1 | | I | | 1 I ]

2.6

2.4

2.2

2.04

1.8 1

Predicted S1/T1

1.6

1.44

5 ™ e 10x 5-fold CV o test|
1.2 J

12 14 16 18 20 22 24 26
SUT1
10x 5-fold CV : R2 = 0.86, MAE = 0.066, RMSE = 0.088

Test : R = 0.87, MAE = 0.065, RMSE = 0.087

Severe warnings

No severe warnings detected

Moderate warnings
Uneven y distribution (Section C)

Highly correlated features (Section D)

Overall assessment

Decent model, but it has limitations

ROBERT v 2.0.0
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C@/ Section B. Advanced Score Analysis

This section explains each component that comprises the ROBERT score. More details here.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to 0 -

Pass: 0, Unclear: -1, Fail: -2.

0.30

0.25

0.204

RMSE

0.154

0.10

0.05

0.00-

Model y_mean y_shuffle onehot

--=-- Limits: 0.096 (pass), 0.085 (unclear) - Pass test

2. CV predictions of the model (2 /2 mmmm)

Scaled RMSE (10x 5-fold CV) = 5.69%.

R? (10x 5-fold CV) = 0.9.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R2<0.5:-2, R2<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 5.08%.

R? (test set) = 0.92.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.
RMSE in test is 0.89*scaled RMSE (CV).

- Scoring from 0 to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to 0 -

Pass: 0, Unclear: -1, Fail: -2.

0.254

0.204

RMSE

0.104

0.054

0.00-

Model y_mean y_shuffle onehot

==== Limits: 0.11 (pass), 0.1 {(unclear) - Pass test

2. CV predictions of the model (2 /2 mmmm)

Scaled RMSE (10x 5-fold CV) = 6.77%.

R2 (10x 5-fold CV) = 0.86.

- Scoring from O to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 6.69%.

R? (test set) = 0.87.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.
RMSE in test is 0.99*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

ROBERT v 2.0.0

Page 2 of 8
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3c. Avg. standard deviation (SD) (2 /2 ) 3c. Avg. standard deviation (SD) (2 /2 )
Low variation, 4*SD = 0.1 (7% y-range). Low variation, 4*SD = 0.0 (3% y-range).
- Scoring from 0 to 2 - - Scoring from 0 to 2 -
4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1. 4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.
2.6 2.6
2.4 2.4
224 22+
= =
5 2.0 2.0
% 1.8 % 1.8
) 1.6 " 161
1.4 1 1.4
e test [ £sD é e test | =sb
1.2 1.2
12 14 16 18 20 22 24 26 12 14 16 18 20 22 24 26
STl S1T1
3d. Extrapolation (sorted CV) (0/2 —1—/) 3d. Extrapolation (sorted CV) (0/2 —x—)
Scaled RMSEs across 5-fold CV: Scaled RMSEs across 5-fold CV:
[12.31%, 6.92%, 5.38%, 7.69%, 16.15%] [6.15%, 7.69%, 6.92%, 4.62%, 16.15%]
- Scoring from 0 to 2 - - Scoring from 0 to 2 -
Every two folds with RMSEs < 1.25*min RMSE: +1. Every two folds with RMSEs < 1.25*min RMSE: +1.

L
@ Section C. Distribution of y Values

This section shows the distribution of y values within the training and validation sets.

251 7 Q@ i Q@ 1 Q3 1 Q& i 259 7 Q@ i Q@ i Q3 1 Q& i
: 105 points } 137 points : 30 points H 8 points H : 105 points : 137 points : 30 points H 8 points H
| E E | | | E E | E
20 20
> >
215+ 215+
@ @
3 3
o o
o o
o o
10 10
5 5
0- 0-
12 14 16 18 20 22 24 26 12 14 16 18 20 22 24 26
S1/T1 values S1/T1 values
y distribution analysis y distribution analysis
x WARNING! Your data is not uniform (Q4 has 8 points x WARNING! Your data is not uniform (Q4 has 8 points
while Q2 has 137) while Q2 has 137)

ROBERT v 2.0.0 Page 3 of 8
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@ Section D. Feature Importances

This section presents feature importances measured using the validation set.

SHAP analysis of NN_No_PFI

High
S0-T1 gap n%—--—-.-.. .- e : SHAP an
alysis of MVL_PFI '
G of H-bonds H20 —o—— . = High
Electronegativity - . = S0-T1 gap oane o e PoPEIPIRGertnt @ e @ o - 2
LUMO - 3 LUMO B o ot 3
Second IP - . E Electronegativity et T - 3
Dipole module G of H-bonds H20 e = 3
T T T T T Low T T T T T Low
-0.2 0.0 0.2 0.4 0.6 -0.4 -0.2 0.0 0.2 0.4
SHAP value (impact on model output) SHAP value (impact on model output)

Permutation feature importances (PFis) of NN_No_PFI Permutation feature importances (PFis) of MVL_PFI

S0-T1 gap S0-T1 gap

G of H-bonds H20

Electronegativity
Electronegativity

LUMO
LMo
Second IP

. G of H-bonds H20
Dipole module

0 D'OO 0. 0‘25 0.650 D.D“IS D,I'DD 0]‘25 o ‘IISO 0. 1'75 [} 2’\‘)0 D,U’OO 0.625 0.0’50 0.675 D,I'U(] 0.1'25 U,IISO 0.1175
PFI PRI
Pearson's r heatmap_No_PFI Pearson's r heatmap_PFI
LUMO -
SO-T1 gap -

Dipole module - -0.2

LUMO - 0.84
G of H-bonds H20 - -0.0041 -0.04

0.29 0.029

o H -.

Electronegativit
g % Electronegativity - -0.31

Second IPn
—— G of H-bonds H20 - -0.18 -0.0041 0.029
S0-T1 gap -0.095 -0.18 -0.31 0.5
- B £ &3 § & 2 § 2
. 5 :
Correlation analysis Correlation analysis
x WARNING! High correlations observed (up tor = 0.84 x WARNING! High correlations observed (up tor = 0.84
or R%2=0.71, for LUMO and S0-T1 gap) or R?=0.71, for SO-T1 gap and LUMO)

ROBERT v 2.0.0 Page 4 of 8
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I~
«*) section E. Outlier Analysis

This section detects outliers using the standard deviation (SD) of errors from the training set.

No PFI (standard descriptor filter):

Outliers (max. 10 shown)
Train: 9 outliers out of 224 datapoints (4.0%)
- 501 (2.0 SDs)
- 1127 (3.8 SDs)
- 1362 (2.7 SDs
- 1582 (2.4 SDs
- 2053 (2.2 SDs
- 2195 (5.0 SDs
(
(

- 3044 (2.0 SDs
- 3264 (3.2 SDs
- 3555 (2.0 SDs)

Test: 2 outliers out of 56 datapoints (3.6%)
- 345 (4.4 SDs)

- 2224 (3.7 SDs)

— — — — — ~—

SD of the errors
o

T T T T

-4 =2 0 2 4

SD of the errors

PFI (only important descriptors):

Outliers (max. 10 shown)

Train: 9 outliers out of 224 datapoints (4.0%)
- 245 (3.6 SDs)

- 609 (3.5 SDs)

- 875 (3.2 SDs)

- 1127 (5.7 SDs)

- 1362 (2.8 SDs)

- 2195 (4.1 SDs)

- 2920 (2.1 SDs)

- 3044 (2.3 SDs)

- 3264 (2.5 SDs)

Test: 1 outliers out of 56 datapoints (1.8%)
- 207 (4.3 SDs)

SD of the errors
o

T T T T T
-6 -4 -2 0 2 4
SD of the errors
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L
@ Section F. Model Screening

This section compares different combinations of hyperoptimized algorithms and partition sizes. The combined error is
calculated as the product of the training error, validation error, and cross-validation error.

0.23

0.22 0.22

0.21

w w
0.202 020%

d R

0.14 0.15 0.15 L 0.19

ine

-0.18

Combined RM

omb:

-0.18
o
-0.17
-0.16
-0.16

—-0.15

T T
GB NN MVL RF GB NN MVL
ML Model ML Model

L ]
@ Section G. Reproducibility

This section provides all the instructions to reproduce the results presented.

1. Download these files (the authors should have uploaded the files as supporting information!):

- CSV database (QDESCP_interpret_descriptors.csv)

2. Install and adjust the versions of the following Python modules:

- Install ROBERT and its dependencies: conda install -y -c conda-forge robert
- Adjust ROBERT version: pip install robert==2.0.0
- Install scikit-learn-intelex: pip install scikit-learn-intelex==2025.0.1

(if scikit-learn-intelex is not installed, slightly different results might be obtained)

3. Run ROBERT using this command line in the folder with the CSV database:

python -m robert --y "S1/T1" --names "code_name" --csv_name "QDESCP_interpret_descriptors.csv"

4. Execution time, Python version and OS:
Originally run in Python 3.10.16 using Linux #1 SMP Thu Dec 7 03:06:13 EST 2023

Total execution time: 185.35 seconds (the number of processors should be specified by the user)

ROBERT v 2.0.0 Page 6 of 8
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/O;‘,
¢/ Section H. Transparency

This section contains important parameters used in scikit-learn models and ROBERT.

1. Parameters of the scikit-learn models (same keywords as
No PFI (standard descriptor filter):

sklearn model: MLPRegressor
hidden_layer_1:7
hidden_layer_2: 6

max_iter: 385

alpha: 0.09493732706631618
tol: 7.136382691931351e-05
random_state: 0

solver: Ibfgs

No PFI (standard descriptor filter):
type: reg

kfold: 5

repeat_kfolds: 10

seed: 0

error_type: rmse

used in scikit-learn):
PFI (only important descriptors):

sklearn model: LinearRegression

. ROBERT options, including prediction type (REG or CLAS), folds and repeats used for CV, etc:

PFI (only important descriptors):
type: reg

kfold: 5

repeat_kfolds: 10

seed: 0

error_type: rmse

(@)

./ Section I. Abbreviations

Reference section for the abbreviations used.

ACC: accuracy
ADAB: AdaBoost

KN: k-nearest neighbors
MAE: root-mean-square
CSV: comma separated values
CLAS: classification ML: machine learning
CV: cross-validation

F1 score: balanced F-score NN: neural network
GB: gradient boosting PFI: permutation feature

GP: gaussian process R2: coefficient of determ

MCC: Matthew's correl. coefficient

MVL: multivariate lineal models

REG: Regression
error RF: random forest
RMSE: root mean square error
RND: random
SHAP: Shapley additive explanations
VR: voting regressor
importance

ination

ROBERT v 2.0.0
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Miscellaneous

General tips to improve the models and instructions to predict new values.

Some general tips to improve the score

1. Adding meaningful datapoints might help to improve the model. Also, using a uniform population of datapoints
across the whole range of y values usually helps to obtain reliable predictions across the whole range. More
information about the range of y values used is available in Section C.

2. Adding meaningful descriptors or replacing/deleting the least useful descriptors used might help. Feature
importances are gathered in Section D.

How to predict new values with these models?

1. Create a CSV database with the new points, including the necessary descriptors.
2. Place the CSV file in the parent folder (i.e., where the module folders were created)
3. Run the PREDICT module as 'python -m robert --predict --csv_test FILENAME.csv'.

4. The predictions will be shown at the end of the resulting PDF report and will be stored in the last column of two
CSYV files called MODEL_SIZE_test(_No)_PFl.csv, which are in the PREDICT folder.

ROBERT v 2.0.0 Page 8 of 8
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)
@ Section A. ROBERT Score

This score is designed to evaluate the models using different metrics.

No PFI (standard descriptor filter) - Score 8
Model = NN - CV (train+valid.):Test = 80:20
Points(train+validation):.descriptors = 295:6

Predicted S1/T1

e 10x 5-fold CV o test |

T T

125 150 175 200 225 250 275 3.00
S1/T1

10x 5-fold CV : R? = 0.95, MAE = 0.061, RMSE = 0.086
Test : R? = 0.96, MAE = 0.057, RMSE = 0.076

Severe warnings

No severe warnings detected

Moderate warnings
Uneven y distribution (Section C)

Potential "faulty" outliers (Section E)

Overall assessment

Decent model, but it has limitations

PFI (only important descriptors) - Score 9

Model = NN - CV (train+valid.):Test = 80:20

Points(train+validation):.descriptors = 295:3

. |
STRONG

3.00

N N N
N 3 ~
w o w
L 1

e

=]

=]
1

Predicted S1/T1

1.751

1.50 1

-fi
1.254 e 10x 5-fold CV o test |

T T T

125 150 175 200 225 250 275 3.0
s

10x 5-fold CV : R? = 0.94, MAE = 0.068, RMSE = 0.094
Test : R? = 0.94, MAE = 0.066, RMSE = 0.092

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

The model seems reliable

ROBERT v 2.0.0
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C@/ Section B. Advanced Score Analysis

This section explains each component that comprises the ROBERT score. More details here.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to 0 -

Pass: 0, Unclear: -1, Fail: -2.

0.404 pass pass

0.304

RMSE

0.20 1

0.104

0.00-

Model y_mean y_shuffle onehot

-==- Limits: 0.11 (pass), 0.098 (unclear) - Pass testJ

2. CV predictions of the model (2 /2 mmmm)

Scaled RMSE (10x 5-fold CV) = 5.37%.

R? (10x 5-fold CV) = 0.95.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 4.75%.

R? (test set) = 0.96.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.
RMSE in test is 0.88*scaled RMSE (CV).

- Scoring from 0 to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to 0 -

Pass: 0, Unclear: -1, Fail: -2.

pass

0.30

RMSE

0.204

0.104

0.00-

Model y_mean y_shuffle onehot

===- Limits: 0.12 (pass), 0.11 (unclear) - Pass testJ

2. CV predictions of the model (2 /2 mmmm)

Scaled RMSE (10x 5-fold CV) = 5.88%.

R2 (10x 5-fold CV) = 0.94.

- Scoring from O to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 5.75%.

R? (test set) = 0.94.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.
RMSE in test is 0.98*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

ROBERT v 2.0.0
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3c. Avg. standard deviation (SD) (2 /2 )
Low variation, 4*SD = 0.1 (5% y-range).
- Scoring from 0 to 2 -

4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00

~N ~N ~N

N e ~

w o w
i ' L

i

o

=]
L

Predicted S1/T1

3d. Extrapolation (sorted CV) (0/2 —1—/)
Scaled RMSEs across 5-fold CV:

[5.62%, 5.0%, 4.38%, 8.12%, 15.0%]

- Scoring from 0 to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

3c. Avg. standard deviation (SD) (2 /2 )
Low variation, 4*SD = 0.1 (5% y-range).

- Scoring from 0 to 2 -

4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00

~N ~N ~N

N e ~

w o w
'

™

o

=]
L

Predicted S1/T1

1.754

1.50 1

1.25

3d. Extrapolation (sorted CV) (1/2 =)
Scaled RMSEs across 5-fold CV:

[6.25%, 5.0%, 5.0%, 9.37%, 14.37%]

- Scoring from 0 to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

L
@ Section C. Distribution of y Values

This section shows the distribution of y values within the training and validation sets.

25 Q2

Q1 ! Q3
148 points | 110 peints
1

89 points

Q4
22 points

N
o
1

-
w
1

Frequency

10

1.25 150 175 200 225 250 275 3.00
S1/T1 values

y distribution analysis

x WARNING! Your data is not uniform (Q4 has 22 points

while Q1 has 148)

25 Q2

Q1 ! Q3
148 points | 110 peints
1

89 points

Q4
22 points

N
o
1

-
w
1

Frequency

10

1.25 150 175 200 225 250 275 3.00
S1/T1 values

y distribution analysis

x WARNING! Your data is not uniform (Q4 has 22 points

while Q1 has 148)
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@ Section D. Feature Importances

This section presents feature importances measured using the validation set.

SHAP analysis of NN_No_PFI

| High
SO-T1 gap e BB e - Sl B e :
Electronegativity .z-. 2
Second EA - :
G of H-bonds H20 ?—' 3
MolLogP . E

Dipole module +

T T T T T T T
-04 -02 00 02 04 06 08
SHAP value (impact on model output)

Low

Permutation feature importances (PFis) of NN_No_PFI

S0-T1 gap

Second EA

Electronegativity

G of H-bonds H20

MolLogP

Dipole module

Pearson's r heatmap_No_PFI

Dipole module -
G of H-bonds H20 - -0.097
Electronegativity - 0.33 0.017

Second EA- 0.15 B .

-0.21

S0-T1 gap- -0.018

MolLogP - -0.015 n -0.012 . -0.073

Dipole module -
Second EA -
S0-T1 gap -
MolLogP -

G of H-bonds H20 -}
Electronegativity —

Correlation analysis

o Correlations between variables are acceptable

SHAP analysis of NN_PFI

Highg

S50-T1 gap w—-nomc.... .—;
Electronegativity ‘* 4
Second EA [ é

- tow &

T T T T T T T d
-04 -02 00 02 04 06 08 1.0
SHAP value (impact on model output)

Permutation feature importances (PFis) of NN_PFI

SO-T1 gap

Electronegativity

Second EA
00 01 02 03 o4
PFI
Pearson's r heatmap_PFI
SO-T1 gap -
Second EA

Electronegativity -

'
S0-T1 gap Second EA  Electronegativity

Correlation analysis

o Correlations between variables are acceptable
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(=®
«*) section E. Outlier Analysis

This section detects outliers using the standard deviation (SD) of errors from the training set.

No PFI (standard descriptor filter):

Outliers (max. 10 shown)

Train: 11 outliers out of 295 datapoints (3.7%)

Test: 4 outliers out of 74 datapoints (5.4%)

885 (3.8 SDs)
1007 (6.9 SDs)
1130 (2.3 SDs)
1126 (3.0 SDs)
1006 (5.1 SDs)
2651 (2.2 SDs)
3117 (2.3 SDs)
879 (2.6 SDs)

345 (2.1 SDs)

1582 (2.0 SDs)

888 (2.4 SDs)
884 (2.3 SDs)

3715 (3.6 SDs)
1483 (2.3 SDs)

SD of the errors
o

T T T
=2 0 2
SD of the errors

PFI (only important descriptors):

Outliers (max. 10 shown)

Train: 12 outliers out of 295 datapoints (4.1%)

- 2279 (2.7 SDs)
- 885 (3.9 SDs)

- 1007 (6.5 SDs)
- 1130 (2.4 SDs)
- 1003 (2.1 SDs)
- 1126 (2.5 SDs)
- 207 (2.7 SDs)

- 1006 (3.5 SDs)
- 2651 (4.6 SDs)
- 345 (2.1 SDs)

Test: 5 outliers out of 74 datapoints (6.8%)

- 888 (3.5 SDs)
- 884 (3.4 SDs)
- 890 (2.5 SDs)
- 3715 (2.0 SDs)
- 1483 (3.3 SDs)

SD of the errors
o

T T
-2 0
SD of the errors

2
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L
@ Section F. Model Screening

This section compares different combinations of hyperoptimized algorithms and partition sizes. The combined error is
calculated as the product of the training error, validation error, and cross-validation error.

(o
)
w

0.21
0.22
] 0.20 w
0212 g
o o
© ©
-0.20 2 -0.19 2
<] <]
S g
-0.1
O Lo.18 "
-0.18
-0.17
-0.17
RF GB NN MVL RF GB NN MVL
ML Model ML Model

L ]
@ Section G. Reproducibility

This section provides all the instructions to reproduce the results presented.

1. Download these files (the authors should have uploaded the files as supporting information!):
- CSV database (QDESCP_interpret_descriptors.csv)

- External test set (biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv)

2. Install and adjust the versions of the following Python modules:

- Install ROBERT and its dependencies: conda install -y -c conda-forge robert
- Adjust ROBERT version: pip install robert==2.0.0
- Install scikit-learn-intelex: pip install scikit-learn-intelex==2025.0.1

(if scikit-learn-intelex is not installed, slightly different results might be obtained)

3. Run ROBERT using this command line in the folder with the CSV databases:

python -m robert --y "S1/T1" --names "code_name" --csv_name "QDESCP_interpret_descriptors.csv" --csv_test
"biphenylenes_gen_6_round_2_test_set. QDESCP_interpret_descriptors.csv"

4. Execution time, Python version and OS:
Originally run in Python 3.10.16 using Linux #1 SMP Thu Dec 7 03:06:13 EST 2023

Total execution time: 178.67 seconds (the number of processors should be specified by the user)

ROBERT v 2.0.0 Page 6 of 10
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/O;',
¢/ Section H. Transparency

This section contains important parameters used in scikit-learn models and ROBERT.

1. Parameters of the scikit-learn models (same keywords as used in scikit-learn):

No PFI (standard descriptor filter):

sklearn model: MLPRegressor
hidden_layer_1: 9
hidden_layer_2: 3

max_iter: 465

alpha: 0.0959440906711455
tol: 3.615185752570025e-05
random_state: 0

solver: Ibfgs

PFI (only important descriptors):

sklearn model: MLPRegressor

hidden_layer_1: 9
hidden_layer_2: 3

max_iter: 465

alpha: 0.0959440906711455
tol: 3.615185752570025e-05

random_state: 0

solver: Ibfgs

2. ROBERT options, including prediction type (REG or CLAS), folds and repeats used for CV, etc:

No PFI (standard descriptor filter):
type: reg

kfold: 5

repeat_kfolds: 10

seed: 0

error_type: rmse

PFI (only important descriptors):

type: reg
kfold: 5

repeat_kfolds: 10

seed: 0

error_type: rmse

(s
o/ Section l. Abbreviations

Reference section for the abbreviations used.

ACC: accuracy

ADAB: AdaBoost

CSV: comma separated values
CLAS: classification

CV: cross-validation

F1 score: balanced F-score
GB: gradient boosting

GP: gaussian process

KN: k-nearest neighbors

MAE: root-mean-square error

MCC: Matthew's correl. coefficient
ML: machine learning

MVL: multivariate lineal models

NN: neural network

PFI: permutation feature importance

R2: coefficient of determination

REG: Regression

RF: random forest

RMSE: root mean square error

RND: random

SHAP: Shapley additive explanations

VR: voting regressor

ROBERT v 2.0.0
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(e
‘o Section J. New Predictions

Predictions of the external test set added with the csv_test option.

External test metrics External test metrics

R2 =0.91, MAE = 0.048, RMSE = 0.059 R2 = 0.9, MAE = 0.053, RMSE = 0.063

External test predictions (sorted, max. 20 shown) External test predictions (sorted, max. 20 shown)
From /PREDICT/csv_test/...No_PFl.csv From /PREDICT/csv_test/... PFl.csv

|code_name HS1/T1 “S1/T1_predtsd ‘code_name ||s1/T1 HS1IT1_predisd

1853 1247|2242 003 I 11099 |224  |l23002 }
399 244 [22+003 | 399 |214  [2.24 £ 0.01 |
1099 224 [219£0.02 | 1853 1217 [224£002 |
|2764 213|215 002 | 097 212|218+ 001 |
|97 212 [211:003 | 120 |205  [217£0.04 |
1015 243 |2.00£0.03 | 2764 |213  [214£0.01 |
1141 212 [200:002 | 1883 |196 |l2.13+003 |
1754 |2.08  [2.00+0.04 | 2749 l199  [212£0.02 |
1769 |201  [2.07£0.02 | 1015 213 [2112002 |
1123 204 |[206+005 | 1754 |2.08  [2.11x0.03 |
3687 |142  [1.39.x 0.01 | 13516 l137  [1.41£003 |
855 |137  [1.38 0.01 | 13801 |132  [1.41£0.01 |
13789 136|138+ 001 | 3468 133 [l142003 |
3468 133 [1.380.04 | 2007 l145  [1.390.02 |
3765 l14  [1.38x0.01 | 3765 l14 [1:39£002 |
12007 1145|137+ 001 | 13687 142 [[139x002 |
3657 l14 [1.36 £ 0.01 | 3657 l14 [1:38x002 |
3503 120 [1.34x0.02 | 3503 l129  [1.37£002 |
788 I3 [133:002 | 788 |13 [[137+004 |
3779 |126  [[1.31x0.01 | 13779 l126  [1.33£0.02 |

ROBERT v 2.0.0 Page 8 of 10
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2.24
2.2
2.04
= 2.0
E £
& &
1.84
3 8187
[} [~
H H
& 1.67 £ 1.6-
1.4+ 1.4
[
@ External test [ = SD] @ External test [ SD]
1.2 1.2
T T T T T T T T T T T T
1.2 1.4 1.6 1.8 2.0 2.2 1.2 1.4 1.6 1.8 2.0 2.2
S1/T1 S1/T1
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Miscellaneous

General tips to improve the models and instructions to predict new values.

Some general tips to improve the score

1. Adding meaningful datapoints might help to improve the model. Also, using a uniform population of datapoints
across the whole range of y values usually helps to obtain reliable predictions across the whole range. More
information about the range of y values used is available in Section C.

2. Adding meaningful descriptors or replacing/deleting the least useful descriptors used might help. Feature
importances are gathered in Section D.

How to predict new values with these models?

1. Create a CSV database with the new points, including the necessary descriptors.
2. Place the CSV file in the parent folder (i.e., where the module folders were created)
3. Run the PREDICT module as 'python -m robert --predict --csv_test FILENAME.csv'.

4. The predictions will be shown at the end of the resulting PDF report and will be stored in the last column of two
CSYV files called MODEL_SIZE_test(_No)_PFl.csv, which are in the PREDICT folder.

ROBERT v 2.0.0 Page 10 of 10
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-z ROBERT
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ROBERT v 2.0.2 2025/11/10 14:30:46

How to cite: Dalmau, D.; Alegre Requena, J. V. WIREs Comput Mol Sci. 2024, 14, e1733.

)
@ Section A. ROBERT Score

This score is designed to evaluate the models using different metrics.

No PFI (standard descriptor filter) - Score 8
Model = GB - CV (train+valid.):Test = 80:20
Points(train+validation):.descriptors = 295:3

[ | 1 I | I | | 1 I

3.004

2754

N N
N o
) o
1 1

Predicted S1/T1
N
o
(=]
1

1.754

1.50

1 =
1.254 e 10x 5-fold CV o test |

T T T
1.25 150 175 200 225 250 275 3.00
S1/T1

10x 5-fold CV : R? = 0.93, MAE = 0.072, RMSE = 0.1
Test : R? = 0.94, MAE = 0.063, RMSE = 0.094

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations

PFI (only important descriptors) - Score 8
Model = GB - CV (train+valid.):Test = 80:20
Points(train+validation):descriptors = 295:1

2.00 4

Predicted S1/T1

1.754

1.50

1 -1
1.254 e 10x 5-fold CV o test |

T T T

T T T T T
1.25 150 175 200 225 250 275 3.00
S1/T1

10x 5-fold CV : R? = 0.92, MAE = 0.081, RMSE = 0.11
Test : R = 0.89, MAE = 0.081, RMSE = 0.12

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations

ROBERT v 2.0.2

Page 1 of 10



ROBERT Report

biphenylenes_gen_6_round_2_QDESCP _interpret_descriptors.csv

-9
C@/ Section B. Advanced Score Analysis

This section explains each component that comprises the ROBERT score. More details here.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to O -
Pass: 0, Unclear: -1, Fail: -2.

0.50
0.40

0.30 1

RMSE

0.20 4

0.10

0.00 -

Model y_mean y_shuffle onehot

-=-=- Limits: 0.13 (pass), 0.11 (unclear) = Pass testJ

2. CV predictions of the model (2 /2 mmmm)
Scaled RMSE (10x 5-fold CV) = 6.25%.

R? (10x 5-fold CV) = 0.93.

- Scoring from O to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 5.88%.

R? (test set) = 0.94.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.

RMSE in test is 0.94*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to 0 -
Pass: 0, Unclear: -1, Fail: -2.

0.40 A

0.30 4

RMSE

0.20 1

0.10 4

0.00 -

Model y_mean y_shuffle onehot

==== Limits: 0.14 (pass), 0.12 (unclear) —» Pass (estJ

2. CV predictions of the model (2 /2 mmmm)

Scaled RMSE (10x 5-fold CV) = 6.87%.

R2 (10x 5-fold CV) = 0.92.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 7.5%.

R? (test set) = 0.89.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.
RMSE in test is 1.09*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

ROBERT v 2.0.2
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3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.1 (7% y-range).
- Scoring from 0 to 2 -

4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00 4

2754

2.50

N

N

3]
1

Predicted S1/T1

3d. Extrapolation (sorted CV) (0/2 —1—/)

Scaled RMSEs across 5-fold CV:
[10.62%, 5.62%, 6.87%, 12.5%, 21.87%]
- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.1 (5% y-range).
- Scoring from 0 to 2 -
4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00 4

2754

2.50

N

N

3]
1

Predicted S1/T1

3d. Extrapolation (sorted CV) (0/2 —x—)
Scaled RMSEs across 5-fold CV:

[10.0%, 6.25%, 7.5%, 14.37%, 20.0%]

- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

L
@ Section C. Distribution of y Values

This section shows the distribution of y values within the training and validation sets.

PLE ;

Leyl Q2

110 points

Q3
89 points

Q4
22 points |
1

1 148 points
i

20

w
1

Frequency

104

1.25 1.50 175 200 225 250 275 3.00
S1/T1 values

y distribution analysis

x WARNING! Your data is not uniform (Q4 has 22 points

while Q1 has 148)

' ' ' ' '
21 0 a1 @ i@ 1 Qs i
| 148points | 110points | 83points | 22points |
i i i i H
\ ' |
20
oy
c 154
o
=)
=3
o
w
104
54
04

1.25 1.50 175 200 225 250 275 3.00
S1/T1 values

y distribution analysis

x WARNING! Your data is not uniform (Q4 has 22 points
while Q1 has 148)
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.8
@ Section D. Feature Importances

This section presents feature importances measured using the validation set.

SHAP analysis of GB_No_PFI

High g
3
S0-Tigap — @uatipead ohonn - : sci@upons o4 8 SHAP analysis of GB_PFI 3
Electronegativity - - ? Highd
Second EA 3 S0-Tigap  # e bmees + e wessinmmapasee 8
T T T T T T T Low': T T T T T T T Low§
04 02 00 0.2 04 06 08 0.4 -0.2 00 02 04 06 08 «
SHAP value (impact on model output) SHAP value (impact on model output)
Permutation feature importances (PFls) of GB_PFI
Per ion feature imp (PFls) of GB_No_PFl

S0-T1gap

S0-T1 gap

Electronegativity

Second EA

T T r T T T T
0.0 o0t 0.2 03 04 0.0 01 02 03 04
PFI PFI
Pearson's r heatmap_PFI
Pearson’s r heatmap_No_PFI

Electronegativity —

S0-T1 gap -
Second EA
S0-T1gap -
I f 1
Electronegativity Second EA S0-T1 gap S0-T1 gap
Correlation analysis Correlation analysis
o Correlations between variables are acceptable o Correlations between variables are acceptable
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(=®
«*) section E. Outlier Analysis

This section detects outliers using the standard deviation (SD) of errors from the training set.

No PFI (standard descriptor filter):

Outliers (max. 10 shown)

Train: 11 outliers out of 295 datapoints (3.7%)

2279 (3.1 SDs)
885 (4.3 SDs)
1007 (4.8 SDs)
1003 (2.2 SDs)
207 (2.4 SDs)
49 (3.2 SDs)
1006 (4.8 SDs)
2763 (2.5 SDs)
2651 (3.1 SDs)
345 (2.4 SDs)

Test: 5 outliers out of 74 datapoints (6.8%)

888 (2.6 SDs)
884 (5.1 SDs)
890 (2.5 SDs)
3715 (2.2 SDs)
1483 (2.4 SDs)

PFI (only important descriptors):

Outliers (max. 10 shown)

Train: 15 outliers out of 295 datapoints (5.1%)
2279 (3.1 SDs)

885 (4.4 SDs)

1007 (5.0 SDs)

978 (2.6 SDs)

1126 (3.1 SDs)

207 (2.2 SDs)

223 (2.4 SDs)

889 (2.2 SDs)

1128 (2.1 SDs)

49 (3.9 SDs)

Test: 7 outliers out of 74 datapoints (9.5%)
- 888 (3.0 SDs)

- 884 (5.9 SDs)

- 872 (2.6 SDs)

- 891 (2.2 SDs)

- 3222 (2.5 SDs)

- 412 (3.7 SDs)

- 1483 (4.5 SDs)

6 °
..
e [ ]
44 ° i b ®
@ /.
24 /
n w 27
g g
@ ®
2 0 2 o
K] K]
? ?
_2 B _2 -
_4 -
..4 B
._6 B
T T T T T T T T T T T T
-4 -2 0 2 4 -6 -4 -2 0 2 4 6
SD of the errors SD of the errors
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®
"/ Section F. Model Screening

This section compares different combinations of hyperoptimized algorithms and partition sizes. The combined error is
calculated as the product of the training error, validation error, and cross-validation error.

0.245
0.235
0.240
0.230
0.235
0.225
' 0.230 % %
g +-0.220 g
-0.225
© ©
0.22 o 0:22 F0.215 &
- o o
0.220 = I
8 L0210 3
-0.215
-0.205
-0.210
+0.200
-0.205
; L ; L_F0.195
GB GB
ML Model ML Model

L ]
@ Section G. Reproducibility

This section provides all the instructions to reproduce the results presented.

1. Download these files (the authors should have uploaded the files as supporting information!):

- CSV database (biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv)

- External test set (biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv)

2. Install and adjust the versions of the following Python modules:

- Install ROBERT and its dependencies: conda install -y -c conda-forge robert
- Adjust ROBERT version: pip install robert==2.0.2
- scikit-learn-intelex: not installed

(if scikit-learn-intelex is installed, slightly different results might be obtained)

3. Run ROBERT using this command line in the folder with the CSV databases:

python -m robert --csv_name "biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv" --y "S1/T1" --names
"code_name" --csv_test "biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv" --ignore "'HOMO-LUMO
gap', 'HOMO', 'IP', 'LUMOQO', 'EA', 'Dipole module', "Total charge', 'Global SASA', 'G solv. in H20', 'G of H-bonds

H20O', 'Fermi-level', 'Total polariz. alpha', "Total FOD', 'Hardness', 'Softness', 'Electrophil. idx', 'Second IP',

'‘Nucleophilicity idx', 'MolLogP']" --model "['GB']"

4. Execution time, Python version and OS:
Originally run in Python 3.10.17 using Windows 10.0.22631

Total execution time: 105.42 seconds (the number of processors should be specified by the user)
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/O;‘,
¢/ Section H. Transparency

This section contains important parameters used in scikit-learn models and ROBERT.

1. Parameters of the scikit-learn models (same keywords as used in scikit-learn):

No PFI (standard descriptor filter): PFI (only important descriptors):

sklearn model: GradientBoostingRegressor sklearn model: GradientBoostingRegressor
n_estimators: 39 n_estimators: 39

learning_rate: 0.2035490101894677 learning_rate: 0.2035490101894677
max_depth: 7 max_depth: 7

min_samples_split: 8 min_samples_split: 8

min_samples_leaf: 3 min_samples_leaf: 3

subsample: 0.754957408602135 subsample: 0.754957408602135
max_features: 0.6898847011075624 max_features: 0.6898847011075624
validation_fraction: 0.10402150923749871 validation_fraction: 0.10402150923749871
min_weight_fraction_leaf: 0.04144700146086816 min_weight_fraction_leaf: 0.04144700146086816
ccp_alpha: 4.695476192547066e-05 ccp_alpha: 4.695476192547066e-05
random_state: 0 random_state: 0

2. ROBERT options, including prediction type (REG or CLAS), folds and repeats used for CV, etc:

No PFI (standard descriptor filter): PFI (only important descriptors):
type: reg type: reg

kfold: 5 kfold: 5

repeat_kfolds: 10 repeat_kfolds: 10

seed: 0 seed: 0

error_type: rmse error_type: rmse

e
o) section I. Abbreviations

Reference section for the abbreviations used.

ACC: accuracy KN: k-nearest neighbors

ADAB: AdaBoost MAE: root-mean-square error

CSV: comma separated values MCC: Matthew's correl. coefficient
CLAS: classification ML: machine learning

CV: cross-validation MVL: multivariate lineal models

F1 score: balanced F-score NN: neural network

GB: gradient boosting PFI: permutation feature importance
GP: gaussian process R2: coefficient of determination

REG: Regression
RF: random forest
RMSE: root mean square error

RND: random

SHAP: Shapley additive explanations

VR: voting regressor

ROBERT v 2.0.2
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(e
‘o Section J. New Predictions

Predictions of the external test set added with the csv_test option.

External test metrics External test metrics

R2 = 0.9, MAE = 0.053, RMSE = 0.065 R2 =0.86, MAE = 0.058, RMSE = 0.075
External test predictions (sorted, max. 20 shown) External test predictions (sorted, max. 20 shown)
From /PREDICT/csv_test/...No_PFl.csv From /PREDICT/csv_test/... PFl.csv

|code_name HS1/T1 “S1/T1_predtsd ‘code_name ||s1/T1 HS1IT1_predisd

11099 |224  |[23x005 I 1853 |217 |24 004 }
1853 247|227 0.04 | 1099 |224  [231£002 |
|2764 213 [2.22+0.04 | 1754 |208  [23+0.04 |
|97 212 [221:004 | 097 212 |l227+0.03 |
399 214 [22+0.04 | 2764 213 [2.25£0.04 |
1754 208 [2.14£0.04 | 399 |214  [2.24£0.04 |
1015 243 [211£0.06 | 11769 |201  |l22003 |
1769 |201  [211:003 | 3211 l194  [218+0.03 |
1123 |204  [2.07 0.06 | (2749 |19 [208+0.03 |
3211 194 |[207003 | 1123 |2.04  ||2.06+0.06 |
3765 l14 [1.412001 | 13626 l144  [1.42001 |
(3779 l126  [1.41£002 | 13687 l142  [1.42001 |
13657 14 |[14z001 | 855 137|139+ 001 |
3801 132 [14+003 | 816 |142  [1.39. 0.01 |
|3468 133 [14+003 | 13503 l129  [1.39.0.01 |
13687 142 [[142002 | 2007 |145  [[1.39+001 |
788 13 [1:390.02 | 3765 l14 [1:390.01 |
3815 l136  [1.390.02 | 3657 l14 [1:39£0.01 |
1985 139 [139:002 | 788 l13 |39 001 |
3503 l129  [1.35+0.02 | 13779 l126  [1.39.x0.01 |
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Miscellaneous

General tips to improve the models and instructions to predict new values.

Some general tips to improve the score

1. Adding meaningful datapoints might help to improve the model. Also, using a uniform population of datapoints
across the whole range of y values usually helps to obtain reliable predictions across the whole range. More
information about the range of y values used is available in Section C.

2. Adding meaningful descriptors or replacing/deleting the least useful descriptors used might help. Feature
importances are gathered in Section D.

How to predict new values with these models?

1. Create a CSV database with the new points, including the necessary descriptors.
2. Place the CSV file in the parent folder (i.e., where the module folders were created)
3. Run the PREDICT module as 'python -m robert --predict --csv_test FILENAME.csv'.

4. The predictions will be shown at the end of the resulting PDF report and will be stored in the last column of two
CSYV files called MODEL_SIZE_test(_No)_PFl.csv, which are in the PREDICT folder.

ROBERT v 2.0.2 Page 10 of 10
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How to cite: Dalmau, D.; Alegre Requena, J. V. WIREs Comput Mol Sci. 2024, 14, e1733.

)
@ Section A. ROBERT Score

This score is designed to evaluate the models using different metrics.

No PFI (standard descriptor filter) - Score 8
Model = MVL - CV (train+valid.):Test = 80:20
Points(train+validation):.descriptors = 295:3

[ | 1 I | I | | 1 I ]

3.00

2754

2,50

2.25

Predicted S1/T1
- n
~ (=]
o o
1 1

1.50 1

1.254

° o 10x 5-fold CV o test

1.00 4

T T T T T T
100 125 150 175 200 225 250 275 3.00
S1M

10x 5-fold CV : R? = 0.88, MAE = 0.097, RMSE = 0.13
Test : R = 0.87, MAE = 0.1, RMSE = 0.13

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations

PFI (only important descriptors) - Score 8
Model = MVL - CV (train+valid.):Test = 80:20
Points(train+validation):descriptors = 295:1

[ | 1 | | I | | 1 I ]

3.00

2754

2.50 4 L

N

N

3]
i

2,004

Predicted S1/T1

S
o
L

1.50

1.25
° o 10x 5-fold CV ° teslj
1.004 [

T T T T T T T
100 125 150 175 200 225 250 275 3.00
ST

10x 5-fold CV : R? = 0.88, MAE = 0.096, RMSE = 0.13
Test : R2 = 0.86, MAE = 0.1, RMSE = 0.14

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations
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@

«2) section B. Advanced Score Analysis

This section explains each component that comprises the ROBERT score. More details here.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to O -
Pass: 0, Unclear: -1, Fail: -2.

0.40

0.30

RMSE

0.20

0.10

0.00 -

Model y_mean y_shuffle onehot

==== Limits: 0.17 (pass), 0.15 (unclear) — Pass (estJ

2. CV predictions of the model (2 /2 mmmm)
Scaled RMSE (10x 5-fold CV) = 8.12%.

R? (10x 5-fold CV) = 0.88.

- Scoring from O to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 8.12%.

R? (test set) = 0.87.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.

RMSE in test is 1.0*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to 0 -
Pass: 0, Unclear: -1, Fail: -2.

0.40

0.30 1

RMSE

0.20 A

0.10

0.00 -

Model y_mean y_shuffle onehot

==== Limits: 0.17 (pass), 0.15 (unclear) — Pass (estJ

2. CV predictions of the model (2 /2 mmmm)

Scaled RMSE (10x 5-fold CV) = 8.12%.

R2 (10x 5-fold CV) = 0.88.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 8.75%.

R? (test set) = 0.86.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.
RMSE in test is 1.08*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

ROBERT v 2.0.2
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3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.0 (2% y-range).
- Scoring from 0 to 2 -

4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00

2754

2.50

Predicted S1/T1
— n N
N 2 )
o o o

1 1 1

1.504

1.254

1.00 A

3d. Extrapolation (sorted CV) (0/2 —1—/)

Scaled RMSEs across 5-fold CV:
[10.62%, 8.12%, 6.25%, 7.5%, 20.0%)]
- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

3c. Avg. standard deviation (SD) (2 /2 )
Low variation, 4*SD = 0.0 (1% y-range).

- Scoring from 0 to 2 -

4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00

2754

2.50 1

N

N

2]
1

2.004

Predicted S1/T1
7
o
L

1.50 4

1.254

1.004

3d. Extrapolation (sorted CV) (0/2 —x—)
Scaled RMSEs across 5-fold CV:

[9.37%, 8.12%, 6.25%, 6.87%, 18.75%]

- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

L
@ Section C. Distribution of y Values

This section shows the distribution of y values within the training and validation sets.

[l
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|
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1 148 points
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110 points

Q3
89 points
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22 points |
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Frequency
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y distribution analysis

x WARNING! Your data is not uniform (Q4 has 22 points

while Q1 has 148)
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.8
@ Section D. Feature Importances

This section presents feature importances measured using the validation set.

SHAP analysis of MVL_No_PFl
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Correlation analysis

o Correlations between variables are acceptable
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Correlation analysis

o Correlations between variables are acceptable
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(=®
«*) section E. Outlier Analysis

This section detects outliers using the standard deviation (SD) of errors from the training set.

No PFI (standard descriptor filter):

Outliers (max. 10 shown)

Train: 12 outliers out of 295 datapoints (4.1%)
- 2279 (4.6 SDs)

- 885 (4.3 SDs)

- 1007 (5.4 SDs)

- 1130 (2.8 SDs)

- 978 (2.4 SDs)

- 1126 (2.8 SDs)

- 207 (2.2 SDs)

- 345 (2.1 SDs)

- 3264 (3.0 SDs)

- 1362 (2.8 SDs)

Test: 4 outliers out of 74 datapoints (5.4%)
888 (4.2 SDs)

884 (3.8 SDs)

890 (2.8 SDs)

- 46 (3.0 SDs)
L
4 .‘.
&
\02_
£ o
o
w
_2_
_4_
M T

SD of the errors

PFI (only important descriptors):

Outliers (max. 10 shown)

Train: 11 outliers out of 295 datapoints (3.7%)

Test: 5 outliers out of 74 datapoints (6.8%)

2279 (3.5 SDs)
885 (4.4 SDs)
1007 (5.4 SDs)
1130 (2.7 SDs)
978 (2.4 SDs)
1126 (2.8 SDs)
207 (2.4 SDs)
345 (2.5 SDs)
3264 (3.2 SDs)
1362 (2.9 SDs)

888 (4.3 SDs)
884 (4.0 SDs)
890 (2.8 SDs)
1483 (2.1 SDs)
46 (3.0 SDs)

SD of the errors
o
!

-2+

-4 4

-4

T T T
-2 0 2
SD of the errors
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®
"/ Section F. Model Screening

This section compares different combinations of hyperoptimized algorithms and partition sizes. The combined error is
calculated as the product of the training error, validation error, and cross-validation error.

0.245
0.235
0.240
0.230
0.235
i 0.225
L w w
0.230 g g
—0225(! _0'220(1
0.22 3 0.22 3
c -0.215 €
nan 2 o
F0.220 g g
Q F0.210 0O
-0.215
I-0.205
+0.210
+0.200
-0.205
7 L - L*0.195
MVL MVL
ML Model ML Model

L ]
@ Section G. Reproducibility

This section provides all the instructions to reproduce the results presented.

1. Download these files (the authors should have uploaded the files as supporting information!):

- CSV database (biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv)

- External test set (biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv)

2. Install and adjust the versions of the following Python modules:

- Install ROBERT and its dependencies: conda install -y -c conda-forge robert
- Adjust ROBERT version: pip install robert==2.0.2
- scikit-learn-intelex: not installed

(if scikit-learn-intelex is installed, slightly different results might be obtained)

3. Run ROBERT using this command line in the folder with the CSV databases:

python -m robert --csv_name "biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv" --y "S1/T1" --names
"code_name" --csv_test "biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv" --ignore "'HOMO-LUMO
gap', 'HOMO', 'LUMO', 'IP', 'EA', 'Dipole module’, "Total charge', 'Global SASA', 'G solv. in H20', 'G of H-bonds

H20O', 'Fermi-level', 'Total polariz. alpha', "Total FOD', 'Hardness', 'Softness', 'Electrophil. idx’,

'Nucleophilicity idx', 'Second IP', 'MolLogP']" --model "['MVL"

4. Execution time, Python version and OS:
Originally run in Python 3.10.17 using Windows 10.0.22631

Total execution time: 16.96 seconds (the number of processors should be specified by the user)

ROBERT v 2.0.2 Page 6 of 10
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/O;‘,
¢/ Section H. Transparency

This section contains important parameters used in scikit-learn models and ROBERT.

1. Parameters of the scikit-learn models (same keywords as
No PFI (standard descriptor filter):

sklearn model: LinearRegression

2. ROBERT options, including prediction type (REG or CLAS), folds and repeats used for CV, etc:

No PFI (standard descriptor filter):
type: reg

kfold: 5

repeat_kfolds: 10

seed: 0

error_type: rmse

used in scikit-learn):
PFI (only important descriptors):

sklearn model: LinearRegression

PFI (only important descriptors):
type: reg

kfold: 5

repeat_kfolds: 10

seed: 0

error_type: rmse

A
o?—/ Section I. Abbreviations

Reference section for the abbreviations used.

ACC: accuracy KN: k-nearest neighbors REG: Regression
ADAB: AdaBoost MAE: root-mean-square error RF: random forest
CSV: comma separated values MCC: Matthew's correl. coefficient RMSE: root mean square error
CLAS: classification ML: machine learning RND: random
CV: cross-validation MVL: multivariate lineal models SHAP: Shapley additive explanations
F1 score: balanced F-score NN: neural network VR: voting regressor
GB: gradient boosting PFI: permutation feature importance
GP: gaussian process R2: coefficient of determination
ROBERT v 2.0.2 Page 7 of 10
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(e
‘o Section J. New Predictions

Predictions of the external test set added with the csv_test option.

External test metrics External test metrics

R2 =0.9, MAE = 0.077, RMSE = 0.095 R2 =0.89, MAE = 0.072, RMSE = 0.093
External test predictions (sorted, max. 20 shown) External test predictions (sorted, max. 20 shown)
From /PREDICT/csv_test/...No_PFl.csv From /PREDICT/csv_test/... PFl.csv

|code_name HS1/T1 “S1/T1_predtsd ‘code_name ||s1/T1 HS1IT1_predisd

1853 1247|224 2001 I 1754 208 [225+ 001 }
1754 |208  [[2.23x0.01 | 1853 |247  [2.24 £ 0.01 |
1099 224 [222x0.01 | 1099 |224 |21 0.1 |
399 214|221+ 001 | 097 212|221 001 |
|97 212 |22+ 001 | 399 214 |22+ 001 |
|2764 213 [[219.x0.01 | 2764 213 [222001 |
11769 |201 |18+ 001 | 11769 |201  [219+001 |
1123 |204  [[2.15x0.01 | 3211 l194  [218x0.01 |
3211 l194  [[214x0.01 | 2236 l192  [213x0.01 |
1883 l1.96  |213+001 | 1883 l196  [212+001 |
3687 |142  [1.20x0.01 | 13626 |144  [1.32001 |
855 |137  [1.27 0.1 | 13687 l142  [1.200.01 |
816 1142|126+ 001 | 855 |137  [[127+001 |
3765 l14 [1.25+0.01 | 816 |142  [1.26 £ 0.01 |
|3468 133 [[1.24x0.01 | 13503 l129  [1.25£0.01 |
12007 1145 |[124 2001 | 2007 |145  [[1.242001 |
3657 l14 [1.23x001 | 3765 l14 [1:23x001 |
3503 |129  [1.23x0.01 | 3657 l14 [122x001 |
13779 l126  |[1.18+0.01 | 13779 |126  [[1.19+001 |
788 13 [1.14 2001 | 788 I3 [1.18x0.01 |

ROBERT v 2.0.2 Page 8 of 10
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22- = 2.2-
204 204
= E
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E 1.6 E 1.6
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1.4 4 144
o
121 - e External test I zSD] 1.2 & e e External test I zSD]
T T ! T . . : : ; : : r
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Miscellaneous

General tips to improve the models and instructions to predict new values.

Some general tips to improve the score

1. Adding meaningful datapoints might help to improve the model. Also, using a uniform population of datapoints
across the whole range of y values usually helps to obtain reliable predictions across the whole range. More
information about the range of y values used is available in Section C.

2. Adding meaningful descriptors or replacing/deleting the least useful descriptors used might help. Feature
importances are gathered in Section D.

How to predict new values with these models?

1. Create a CSV database with the new points, including the necessary descriptors.
2. Place the CSV file in the parent folder (i.e., where the module folders were created)
3. Run the PREDICT module as 'python -m robert --predict --csv_test FILENAME.csv'.

4. The predictions will be shown at the end of the resulting PDF report and will be stored in the last column of two
CSYV files called MODEL_SIZE_test(_No)_PFl.csv, which are in the PREDICT folder.

ROBERT v 2.0.2 Page 10 of 10
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-z ROBERT

AUTOMATED ML PROTOCOLS

How to cite: Dalmau, D.; Alegre Requena, J. V. WIREs Comput Mol Sci. 2024, 14, e1733.

)
@ Section A. ROBERT Score

This score is designed to evaluate the models using different metrics.

No PFI (standard descriptor filter) - Score 8
Model = NN - CV (train+valid.):Test = 80:20
Points(train+validation):.descriptors = 295:3

[ | 1 I | I | | 1 I ]

3.004

2754

N N
N o
) o
1 1

Predicted S1/T1
N
o
(=]
1

1.754

1.50

1 =
1.254 e 10x 5-fold CV o test |

T T T
1.25 150 175 200 225 250 275 3.00
S1/T1

10x 5-fold CV : R? = 0.94, MAE = 0.067, RMSE = 0.093
Test : R? = 0.94, MAE = 0.064, RMSE = 0.094

Severe warnings

No severe warnings detected

Moderate warnings
Uneven y distribution (Section C)

Potential "faulty" outliers (Section E)

Overall assessment

Decent model, but it has limitations

PFI (only important descriptors) - Score 8
Model = NN - CV (train+valid.):Test = 80:20
Points(train+validation):descriptors = 295:1

2.00 4

Predicted S1/T1

1.754

1.50

e 10x 5-fold CV o test|

1.254

T T T T T
1.25 150 175 200 225 250 275 3.00
S1/T1

10x 5-fold CV : R? = 0.92, MAE = 0.079, RMSE = 0.11
Test : R2 = 0.91, MAE = 0.077, RMSE = 0.11

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations

ROBERT v 2.0.2
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-9
C@/ Section B. Advanced Score Analysis

This section explains each component that comprises the ROBERT score. More details here.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to O -
Pass: 0, Unclear: -1, Fail: -2.

0.40 1

0.30

RMSE

0.20 1

0.10

0.00 -

Model y_mean y_shuffle onehot

-==- Limits: 0.12 (pass), 0.11 (unclear) = Pass testJ

2. CV predictions of the model (2 /2 mmmm)
Scaled RMSE (10x 5-fold CV) = 5.81%.

RZ (10x 5-fold CV) = 0.94.

- Scoring from O to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 5.88%.

R? (test set) = 0.94.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.

RMSE in test is 1.01*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to 0 -
Pass: 0, Unclear: -1, Fail: -2.

0.40

0.30 A

0.10 4

0.00 -

Model y_mean y_shuffle onehot

==== Limits: 0.14 (pass), 0.12 (unclear) —» Pass (estJ

2. CV predictions of the model (2 /2 mmmm)

Scaled RMSE (10x 5-fold CV) = 6.87%.

R2 (10x 5-fold CV) = 0.92.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 6.87%.

R? (test set) = 0.91.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.
RMSE in test is 1.0*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

ROBERT v 2.0.2
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3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.0 (3% y-range).
- Scoring from 0 to 2 -

4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00 4

2754

2.50

N

N

3]
1

Predicted S1/T1

3d. Extrapolation (sorted CV) (0/2 —1—/)

Scaled RMSEs across 5-fold CV:
[13.75%, 4.38%, 5.62%, 10.0%, 12.5%]
- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.0 (2% y-range).
- Scoring from 0 to 2 -
4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00 4

2754

2.50

N

N

3]
1

Predicted S1/T1

3d. Extrapolation (sorted CV) (0/2 —x—)
Scaled RMSEs across 5-fold CV:

[8.12%, 6.25%, 7.5%, 11.88%, 20.62%]

- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

L
@ Section C. Distribution of y Values

This section shows the distribution of y values within the training and validation sets.

PLE ;

Leyl Q2

110 points

Q3
89 points

Q4
22 points |
1

1 148 points
i

20

w
1

Frequency

104

1.25 1.50 175 200 225 250 275 3.00
S1/T1 values

y distribution analysis

x WARNING! Your data is not uniform (Q4 has 22 points

while Q1 has 148)

' ' ' ' '
21 0 a1 @ i@ 1 Qs i
| 148points | 110points | 83points | 22points |
i i i i H
\ ' |
20
oy
c 154
o
=)
=3
o
w
104
54
04

1.25 1.50 175 200 225 250 275 3.00
S1/T1 values

y distribution analysis

x WARNING! Your data is not uniform (Q4 has 22 points
while Q1 has 148)
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.8
@ Section D. Feature Importances

This section presents feature importances measured using the validation set.

SHAP analysis of NN_No_PFI

High g
3
© s ben £t @ 4 O R . & s

S0-T1 gap "M’- - - g SHAP analysis of NN_PFI
Electronegativity . ? High®
Second EA . é S0-T1 gap Mn R T g
T T T T T T T T T Low'- T T u T T T T Low3
-06 -04 02 00 02 04 06 08 10 -04 02 0.0 0.2 04 0.6 0.8 «

SHAP value (impact on model output) SHAP value (impact on model output)
Permutation feature importances (PFls) of NN_PFI
Per ion feature import: (PFls) of NN_No_PFI

S0-T1gap

S0-T1 gap

Electronegativity

Second EA

r T . . . k T T T T T T T T
00 01 02 03 04 05 000 005 010 015 020 025 030 035 040
PFI PFI
Pearson's r heatmap_PFI
Pearson’s r heatmap_No_PFI

Electronegativity —

S0-T1 gap -
Second EA
S0-T1gap -
I f 1
Electronegativity Second EA S0-T1 gap S0-T1 gap
Correlation analysis Correlation analysis
o Correlations between variables are acceptable o Correlations between variables are acceptable
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(=%
«*) section E. Outlier Analysis

This section detects outliers using the standard deviation (SD) of errors from the training set.

No PFI (standard descriptor filter):

Outliers (max. 10 shown)

Train: 14 outliers out of 295 datapoints (4.7%)

Test: 5 outliers out of 74 datapoints (6.8%)

SD of the errors

885 (4.6 SDs)
1007 (7.3 SDs)
1130 (2.0 SDs)
978 (2.2 SDs)

1126 (3.4 SDs)
207 (2.2 SDs)

1006 (3.4 SDs)
1157 (2.2 SDs)
2651 (3.7 SDs)
2649 (2.2 SDs)

888 (4.4 SDs)
884 (4.1 SDs)
890 (3.0 SDs)
3715 (2.0 SDs)
1483 (2.3 SDs)

T T
-2 0
SD of the errors

T

2

PFI (only important descriptors):

Outliers (max. 10 shown)

Train: 13 outliers out of 295 datapoints (4.4%)

- 2279 (3.3 SDs)
- 885 (4.6 SDs)
- 1007 (6.1 SDs)
- 1130 (2.3 SDs)
- 978 (2.2 SDs)
- 1126 (2.9 SDs)
- 207 (2.7 SDs)
- 49 (2.9 SDs)

- 1006 (2.2 SDs)
- 345 (4.0 SDs)

Test: 5 outliers out of 74 datapoints (6.8%)

- 888 (4.5 SDs)
- 884 (4.2 SDs)
- 890 (2.7 SDs)
- 891 (2.1 SDs)
- 1483 (3.6 SDs)

SD of the errors
o
!

-2

-4

-6

T T T
=2 0 2 4
SD of the errors

o -
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®
"/ Section F. Model Screening

This section compares different combinations of hyperoptimized algorithms and partition sizes. The combined error is
calculated as the product of the training error, validation error, and cross-validation error.

0.170 0.235
0.230
0.165
- 0.225
0.160 7 7
= F0.220 =
(74 o
0.16 3 0.22 g
L 0.155 g -0.215 _g
£ £
8 0210 3
+0.150
-0.205
-0.145 -0.200
: L : LF0.195
NN NN
ML Model ML Model

L ]
@ Section G. Reproducibility

This section provides all the instructions to reproduce the results presented.

1. Download these files (the authors should have uploaded the files as supporting information!):

- CSV database (biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv)

- External test set (biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv)

2. Install and adjust the versions of the following Python modules:

- Install ROBERT and its dependencies: conda install -y -c conda-forge robert
- Adjust ROBERT version: pip install robert==2.0.2
- scikit-learn-intelex: not installed

(if scikit-learn-intelex is installed, slightly different results might be obtained)

3. Run ROBERT using this command line in the folder with the CSV databases:

python -m robert --csv_name "biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv" --y "S1/T1" --names
"code_name" --csv_test "biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv" --ignore "'HOMO-LUMO
gap', 'HOMO', 'LUMO', 'IP', 'Dipole module', "Total charge', 'EA’, 'Global SASA', 'G solv. in H20', 'G of H-bonds

H20O', 'Fermi-level', 'Total FOD', 'Total polariz. alpha’, 'Hardness', 'Softness', 'Electrophil. idx',

'‘Nucleophilicity idx', 'Second IP', 'MolLogP'l" --model "[NN'T"

4. Execution time, Python version and OS:
Originally run in Python 3.10.17 using Windows 10.0.22631

Total execution time: 181.21 seconds (the number of processors should be specified by the user)

ROBERT v 2.0.2 Page 6 of 10
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/O;‘,
¢/ Section H. Transparency

This section contains important parameters used in scikit-learn models and ROBERT.

1. Parameters of the scikit-learn models (same keywords as used in scikit-learn):

No PFI (standard descriptor filter):

sklearn model: MLPRegressor
hidden_layer_1: 4
hidden_layer_2: 4

max_iter: 409

alpha: 0.015420292446634285
tol: 7.00090043901101e-05
random_state: 0

solver: Ibfgs

PFI (only important descriptors):

sklearn model: MLPRegressor

hidden_layer_1: 4
hidden_layer_2: 4

max_iter: 409

alpha: 0.015420292446634285
tol: 7.00090043901101e-05

random_state: 0

solver: Ibfgs

2. ROBERT options, including prediction type (REG or CLAS), folds and repeats used for CV, etc:

No PFI (standard descriptor filter):
type: reg

kfold: 5

repeat_kfolds: 10

seed: 0

error_type: rmse

PFI (only important descriptors):

type: reg
kfold: 5

repeat_kfolds: 10

seed: 0

error_type: rmse

(@)

./ Section I. Abbreviations

Reference section for the abbreviations used.

ACC: accuracy

ADAB: AdaBoost

CSV: comma separated values
CLAS: classification

CV: cross-validation

F1 score: balanced F-score
GB: gradient boosting

GP: gaussian process

KN: k-nearest neighbors

MAE: root-mean-square error

MCC: Matthew's correl. coefficient
ML: machine learning

MVL: multivariate lineal models

NN: neural network

PFI: permutation feature importance

R2: coefficient of determination

REG: Regression

RF: random forest

RMSE: root mean square error

RND: random

SHAP: Shapley additive explanations

VR: voting regressor

ROBERT v 2.0.2
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(e
‘o Section J. New Predictions

Predictions of the external test set added with the csv_test option.

External test metrics External test metrics

R2 =0.91, MAE = 0.051, RMSE = 0.061 R2 =0.88, MAE = 0.057, RMSE = 0.07

External test predictions (sorted, max. 20 shown) External test predictions (sorted, max. 20 shown)
From /PREDICT/csv_test/...No_PFl.csv From /PREDICT/csv_test/... PFl.csv

|code_name HS1/T1 “S1/T1_predtsd ‘code_name ||s1/T1 HS1IT1_predisd

11099 224|224 2001 I 1754 |208  |l23002 }
1853 247 [[221x0.01 | 1853 |247  [2.28+0.03 |
1123 204 [22:002 | 1099 |224  [224 %003 |
399 |214 |22 001 | 097 212 |[223+003 |
|97 212|216 0.01 | 399 |214  [2.23£0.03 |
1754 |208  [[2.15x0.01 | 2764 213 [222£003 |
|2764 1213|213+ 001 | 11769 |201  |l221+003 |
892 |21 [2112001 | 3211 l194  [218+0.02 |
1015 213|212 001 | 2236 |19z [212001 |
|20 205 [200+002 | 1883 l196  [207+001 |
3687 142 [1.42001 | 13626 |144  [1.41 2001 |
3765 l14  [14x001 | 13687 l142  [1.41 2001 |
12007 145 |[142001 | 855 |137  [[14x001 |
(3474 135 [1.39.% 0.01 | 816 |142  [1.39. 0.01 |
3516 |137  [1.39. 0.01 | 13503 l129  [1.39.0.01 |
13657 l14 |[139+001 | 2007 |145  [[1.38+001 |
3503 |129  [1.37 0.01 | 3765 l14 [1:37 2001 |
|3468 133 [1.36 £0.02 | 3657 l14 [1:37 001 |
13779 l126  |[134001 | 13779 l126  [[135+001 |
788 13 [1:33x0.02 | 788 I3 [1:35£002 |
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Miscellaneous

General tips to improve the models and instructions to predict new values.

Some general tips to improve the score

1. Adding meaningful datapoints might help to improve the model. Also, using a uniform population of datapoints
across the whole range of y values usually helps to obtain reliable predictions across the whole range. More
information about the range of y values used is available in Section C.

2. Adding meaningful descriptors or replacing/deleting the least useful descriptors used might help. Feature
importances are gathered in Section D.

How to predict new values with these models?

1. Create a CSV database with the new points, including the necessary descriptors.
2. Place the CSV file in the parent folder (i.e., where the module folders were created)
3. Run the PREDICT module as 'python -m robert --predict --csv_test FILENAME.csv'.

4. The predictions will be shown at the end of the resulting PDF report and will be stored in the last column of two
CSYV files called MODEL_SIZE_test(_No)_PFl.csv, which are in the PREDICT folder.

ROBERT v 2.0.2 Page 10 of 10
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)
@ Section A. ROBERT Score

This score is designed to evaluate the models using different metrics.

No PFI (standard descriptor filter) - Score 8
Model = RF - CV (train+valid.):Test = 80:20
Points(train+validation):.descriptors = 295:3

[ | 1 I | I | | 1 I ]

3.004

2754

N N
N o
) o
1 1

Predicted S1/T1
N
o
(=]
1

1.754

1.50

1 =
1.254 e 10x 5-fold CV o test |

T T T
1.25 150 175 200 225 250 275 3.00
S1/T1

10x 5-fold CV : R? = 0.91, MAE = 0.086, RMSE = 0.12
Test : R = 0.9, MAE = 0.082, RMSE = 0.12

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations

PFI (only important descriptors) - Score 8
Model = RF - CV (train+valid.):Test = 80:20
Points(train+validation):descriptors = 295:1

2.00 4

Predicted S1/T1

1.754

1.50

1 -1
1.254 e 10x 5-fold CV o test |

T T T T T
1.25 150 175 200 225 250 275 3.00
S1/T1

10x 5-fold CV : R? = 0.91, MAE = 0.081, RMSE = 0.11
Test : R2 = 0.91, MAE = 0.077, RMSE = 0.11

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations
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C@/ Section B. Advanced Score Analysis

This section explains each component that comprises the ROBERT score. More details here.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to O -
Pass: 0, Unclear: -1, Fail: -2.

0.40

0.30

RMSE

0.20 4

0.10

0.00 -

Model y_mean y_shuffle onehot

==== Limits: 0.15 (pass), 0.13 (unclear) —» Pass lestJ

2. CV predictions of the model (2 /2 mmmm)
Scaled RMSE (10x 5-fold CV) = 7.5%.

RZ (10x 5-fold CV) = 0.91.

- Scoring from O to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 7.5%.

R? (test set) = 0.9.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.

RMSE in test is 1.0*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to 0 -
Pass: 0, Unclear: -1, Fail: -2.

0.40 A

0.30

RMSE

0.20

0.10

0.00 -

Model y_mean y_shuffle onehot

==== Limits: 0.14 (pass), 0.13 (unclear) —» Pass (estJ

2. CV predictions of the model (2 /2 mmmm)

Scaled RMSE (10x 5-fold CV) = 6.87%.

R2 (10x 5-fold CV) = 0.91.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 6.87%.

R? (test set) = 0.91.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.
RMSE in test is 1.0*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

ROBERT v 2.0.2
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3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.1 (4% y-range).
- Scoring from 0 to 2 -

4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00 4

2754

2.50

N

N

3]
1

Predicted S1/T1

3d. Extrapolation (sorted CV) (0/2 —1—/)
Scaled RMSEs across 5-fold CV:

[13.12%, 6.87%, 7.5%, 10.0%, 23.75%]

- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.1 (3% y-range).
- Scoring from 0 to 2 -
4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00 4

2754

2.50

N

N

3]
1

Predicted S1/T1

3d. Extrapolation (sorted CV) (0/2 —x—)
Scaled RMSEs across 5-fold CV:

[11.25%, 6.87%, 8.75%, 13.12%, 20.62%]

- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

L
@ Section C. Distribution of y Values

This section shows the distribution of y values within the training and validation sets.

PLE ;

Leyl Q2

110 points

Q3
89 points

Q4
22 points |
1

1 148 points
i

20

w
1

Frequency

104

1.25 1.50 175 200 225 250 275 3.00
S1/T1 values

y distribution analysis

x WARNING! Your data is not uniform (Q4 has 22 points

while Q1 has 148)

' ' ' ' '
21 0 a1 @ i@ 1 Qs i
| 148points | 110points | 83points | 22points |
i i i i H
\ ' |
20
oy
c 154
o
=)
=3
o
w
104
54
04

1.25 1.50 175 200 225 250 275 3.00
S1/T1 values

y distribution analysis

x WARNING! Your data is not uniform (Q4 has 22 points
while Q1 has 148)
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.8
@ Section D. Feature Importances

This section presents feature importances measured using the validation set.

SHAP analysis of RF_No_PFI

High g
3

SO-Tigap  @eefimence iofec come  cocuinemn: ot 8 SHAP analysis of RF_PFI 3
Second EA ? Highd
Electronegativity 3 SO-Tigap e e +... S —— 8
T T T T T Low™ T T T T T T Low§
-02 0.0 02 04 06 04 -0.2 00 02 0.4 06 &

SHAP value (impact on model output) SHAP value (impact on model output)

Permutation feature importances (PFls) of RF_PFI

Permutation feature importances (PFis) of RF_No_PFI

S0-T1gap

S0-T1 gap
Second EA

Electronegativity

T T T - T
000 005 010 015 02 025 030 035 000 005 010 015 020 025 030 035 040

PFI

Pearson's r heatmap_PFI

Pearson’s r heatmap_No_PFI

Electronegativity —

S0-T1 gap -
Second EA
S0-T1gap -
I f 1
Electronegativity Second EA S0-T1 gap S0-T1 gap
Correlation analysis Correlation analysis
o Correlations between variables are acceptable o Correlations between variables are acceptable
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(=®
«*) section E. Outlier Analysis

This section detects outliers using the standard deviation (SD) of errors from the training set.

No PFI (standard descriptor filter): PFI (only important descriptors):
Outliers (max. 10 shown) Outliers (max. 10 shown)
Train: 11 outliers out of 295 datapoints (3.7%) Train: 13 outliers out of 295 datapoints (4.4%)
- 2279 (4.3 SDs) - 2279 (4.1 SDs)
- 885 (4.3 SDs) - 885 (4.5 SDs)
- 1007 (5.2 SDs) - 1007 (5.7 SDs)
- 1130 (2.6 SDs) - 1130 (2.3 SDs)
- 2767 (2.3 SDs) - 2767 (2.1 SDs)
- 1126 (2.6 SDs) - 978 (2.2 SDs)
- 207 (3.3 SDs) - 1126 (3.1 SDs)
- 49 (3.1 SDs) - 207 (2.3 SDs)
- 345 (3.2 SDs) - 49 (3.1 SDs)
- 2195 (3.8 SDs) - 1006 (2.2 SDs)
Test: 4 outliers out of 74 datapoints (5.4%) Test: 4 outliers out of 74 datapoints (5.4%)
- 888 (3.8 SDs) - 888 (4.0 SDs)
- 884 (4.3 SDs) - 884 (4.4 SDs)
- 890 (2.2 SDs) - 890 (2.4 SDs)
- 1483 (3.3 SDs) - 1483 (3.8 SDs)
. 64 )
2 o’ 4 o°
@ o
P (]
" %1 " w 21
E 0 E 0
-4 -4
T T T T T —64 T T T T T T T
-4 -2 0 2 4 -6 -4 -2 0 2 4 6
SD of the errors SD of the errors
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®
"/ Section F. Model Screening

This section compares different combinations of hyperoptimized algorithms and partition sizes. The combined error is
calculated as the product of the training error, validation error, and cross-validation error.

0.240
027
0.235
0.230
0.26
7 -0.225 {5
=
= =
- Lo220%
0.25 02578 0.22 3
5 5
E L0215 €
Q
O O
-0.24 L0210
-0.205
-0.23
- 0.200
T s— T -
RF RF
ML Model ML Model

L ]
@ Section G. Reproducibility

This section provides all the instructions to reproduce the results presented.

1. Download these files (the authors should have uploaded the files as supporting information!):

- CSV database (biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv)

- External test set (biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv)

2. Install and adjust the versions of the following Python modules:

- Install ROBERT and its dependencies: conda install -y -c conda-forge robert
- Adjust ROBERT version: pip install robert==2.0.2
- scikit-learn-intelex: not installed

(if scikit-learn-intelex is installed, slightly different results might be obtained)

3. Run ROBERT using this command line in the folder with the CSV databases:

python -m robert --csv_name "biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv" --y "S1/T1" --names
"code_name" --csv_test "biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv" --ignore "'HOMO-LUMO
gap', 'HOMO', 'IP', 'LUMOQO', 'EA', 'Dipole module', "Total charge', 'Global SASA', 'G solv. in H20', 'G of H-bonds

H20O', 'Total FOD', 'Fermi-level', 'Total polariz. alpha', 'Hardness', 'Softness', 'Electrophil. idx’,

'‘Nucleophilicity idx', 'Second IP', 'MolLogP'l" --model "['RF']"

4. Execution time, Python version and OS:
Originally run in Python 3.10.17 using Windows 10.0.22631

Total execution time: 207.26 seconds (the number of processors should be specified by the user)

ROBERT v 2.0.2 Page 6 of 10
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/O;‘,
¢/ Section H. Transparency

This section contains important parameters used in scikit-learn models and ROBERT.

1. Parameters of the scikit-learn models (same keywords as used in scikit-learn):

No PFI (standard descriptor filter): PFI (only important descriptors):
sklearn model: RandomForestRegressor sklearn model: RandomForestRegressor
n_estimators: 97 n_estimators: 97

max_depth: 11 max_depth: 11

min_samples_split: 8 min_samples_split: 8

min_samples_leaf: 4 min_samples_leaf: 4
min_weight_fraction_leaf: 0.028402228054696617 min_weight_fraction_leaf: 0.028402228054696617
max_features: 0.9441974787194958 max_features: 0.9441974787194958
ccp_alpha: 0.0007103605819788694 ccp_alpha: 0.0007103605819788694
max_samples: 0.31534697477615553 max_samples: 0.31534697477615553
random_state: 0 random_state: 0

2. ROBERT options, including prediction type (REG or CLAS), folds and repeats used for CV, etc:

No PFI (standard descriptor filter): PFI (only important descriptors):
type: reg type: reg

kfold: 5 kfold: 5

repeat_kfolds: 10 repeat_kfolds: 10

seed: 0 seed: 0

error_type: rmse error_type: rmse

"Vu 1
o/ Section |. Abbreviations

Reference section for the abbreviations used.

ACC: accuracy KN: k-nearest neighbors REG: Regression

ADAB: AdaBoost MAE: root-mean-square error RF: random forest

CSV: comma separated values MCC: Matthew's correl. coefficient RMSE: root mean square error
CLAS: classification ML: machine learning RND: random

CV: cross-validation MVL: multivariate lineal models SHAP: Shapley additive explanations
F1 score: balanced F-score NN: neural network VR: voting regressor

GB: gradient boosting PFI: permutation feature importance

GP: gaussian process R2: coefficient of determination

ROBERT v 2.0.2 Page 7 of 10
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(e
‘o Section J. New Predictions

Predictions of the external test set added with the csv_test option.

External test metrics External test metrics

R2 =0.84, MAE = 0.065, RMSE = 0.083 R2 =0.86, MAE = 0.058, RMSE = 0.074
External test predictions (sorted, max. 20 shown) External test predictions (sorted, max. 20 shown)
From /PREDICT/csv_test/...No_PFl.csv From /PREDICT/csv_test/... PFl.csv

|code_name HS1/T1 “S1/T1_predtsd ‘code_name ||s1/T1 HS1IT1_predisd

1853 217 [231x002 I 1853 217 |l2312002 }
1754 208 [2.20+0.02 | 1754 |208  [2:31£0.02 |
1099 224|227 0.2 | 1099 |22 [226£0.02 |
|97 212 [2242002 | 097 212 |l225+ 002 |
3211 194 [2.24x0.02 | 399 214|224 £0.02 |
399 214|224 x0.02 | 2764 |213 |24 0.01 |
|2764 213 [223:002 | 11769 201 |l223+002 |
1769 201 [2.21£0.02 | 3211 l194  [222+002 |
1883 l196  [21+003 | 2236 l192  [213£002 |
12236 l192  |l21:003 | 1883 196 |l21£002 |
3789 |136 [[1.48x0.01 | 13626 |144  [1.4220.01 |
3799 |13 [1.48x0.01 | 13687 l142  [1.42£0.01 |
13687 142|148+ 001 | 855 137|142 001 |
1985 |139  [1.48x0.01 | 2007 l145  [1.4220.01 |
(3779 |126  [1.48+0.01 | 816 l142  [1.42x0.01 |
12007 |145  |[1.48+001 | 13765 l14 [[142001 |
|2396 |148  [1.48x0.01 | 3657 l14 [1.422001 |
855 |137  [1.48x0.01 | 788 l13 [142x001 |
788 113|148 001 | 13503 |129  [[1.42001 |
3503 |129  [1.47  0.01 | 13779 |126  [1.42£0.01 |
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Miscellaneous

General tips to improve the models and instructions to predict new values.

Some general tips to improve the score

1. Adding meaningful datapoints might help to improve the model. Also, using a uniform population of datapoints
across the whole range of y values usually helps to obtain reliable predictions across the whole range. More
information about the range of y values used is available in Section C.

2. Adding meaningful descriptors or replacing/deleting the least useful descriptors used might help. Feature
importances are gathered in Section D.

How to predict new values with these models?

1. Create a CSV database with the new points, including the necessary descriptors.
2. Place the CSV file in the parent folder (i.e., where the module folders were created)
3. Run the PREDICT module as 'python -m robert --predict --csv_test FILENAME.csv'.

4. The predictions will be shown at the end of the resulting PDF report and will be stored in the last column of two
CSYV files called MODEL_SIZE_test(_No)_PFl.csv, which are in the PREDICT folder.

ROBERT v 2.0.2 Page 10 of 10
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)
@ Section A. ROBERT Score

This score is designed to evaluate the models using different metrics.

No PFI (standard descriptor filter) - Score 8
Model = GB - CV (train+valid.):Test = 80:20
Points(train+validation):.descriptors = 295:2

[ | 1 I | I | | 1 I

3.004

2754

N N
N o
) o
1 1

Predicted S1/T1
N
o
(=]
1

1.754

1.50

1 =
1.254 e 10x 5-fold CV o test |

T T T
1.25 150 175 200 225 250 275 3.00
S1/T1

10x 5-fold CV : R? = 0.92, MAE = 0.077, RMSE = 0.1
Test : R = 0.92, MAE = 0.072, RMSE = 0.1

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations

PFI (only important descriptors) - Score 8
Model = GB - CV (train+valid.):Test = 80:20
Points(train+validation):descriptors = 295:1

2.00 4

Predicted S1/T1

1.754

1.50

1 -1
1.254 e 10x 5-fold CV o test |

T T T

T T T T T
1.25 150 175 200 225 250 275 3.00
S1/T1

10x 5-fold CV : R? = 0.92, MAE = 0.081, RMSE = 0.11
Test : R = 0.89, MAE = 0.081, RMSE = 0.12

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations
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C@/ Section B. Advanced Score Analysis

This section explains each component that comprises the ROBERT score. More details here.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to O -
Pass: 0, Unclear: -1, Fail: -2.

0.50

0.40

0.30 A

RMSE

0.20

0.10

0.00 -

Model y_mean y_shuffle onehot

==== Limits: 0.14 (pass), 0.12 (unclear) —» Pass lestJ

2. CV predictions of the model (2 /2 mmmm)

Scaled RMSE (10x 5-fold CV) = 6.25%.

RZ (10x 5-fold CV) = 0.92.

- Scoring from O to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 6.25%.

R? (test set) = 0.92.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.

RMSE in test is 1.0*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to 0 -
Pass: 0, Unclear: -1, Fail: -2.

0.40 A

0.30 4

RMSE

0.20 1

0.10 4

0.00 -

Model y_mean y_shuffle onehot

==== Limits: 0.14 (pass), 0.12 (unclear) —» Pass (estJ

2. CV predictions of the model (2 /2 mmmm)

Scaled RMSE (10x 5-fold CV) = 6.87%.

R2 (10x 5-fold CV) = 0.92.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 7.5%.

R? (test set) = 0.89.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.
RMSE in test is 1.09*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

ROBERT v 2.0.2
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3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.1 (8% y-range).
- Scoring from 0 to 2 -

4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00 4

2754

2.50

N

N

3]
1

Predicted S1/T1

3d. Extrapolation (sorted CV) (0/2 —1—/)

Scaled RMSEs across 5-fold CV:
[11.25%, 5.62%, 6.87%, 13.12%, 21.87%]
- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.1 (5% y-range).
- Scoring from 0 to 2 -
4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00 4

2754

2.50

N

N

3]
1

Predicted S1/T1

3d. Extrapolation (sorted CV) (0/2 —x—)
Scaled RMSEs across 5-fold CV:

[10.0%, 6.25%, 7.5%, 14.37%, 20.0%]

- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

L
@ Section C. Distribution of y Values

This section shows the distribution of y values within the training and validation sets.
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@ Section D. Feature Importances

This section presents feature importances measured using the validation set.

SHAP analysis of GB_No_PFI

o
High2 SHAP analysis of GB_PFI g
S0-T1gap st e e > High
Electronegativity - % S0-T1 gap o poase -+— B mesccaempiPans = | s
T T T T T T Low @ T T T T T T T Low §
04 -02 0.0 02 04 08 0.4 -0.2 00 02 04 06 08 «
SHAP value (impact on model output) SHAP value (impact on model output)
Permutation feature importances (PFls) of GB_PFI
Per jon feature imp (PFls) of GB_No_PF1

S0-T1gap

S0-T1 gap

Electronegativity

0.0 01 02 03 04
PFI PFI

Pearson's r heatmap_PFI

Pearson's r heatmap_No_PFI

Electronegativity -
S0-T1gap -
S0-T1 gap - ;q,‘g
1 . 1 1
Electronegativity S0-T1 gap SO0-T1 gap
Correlation analysis Correlation analysis
o Correlations between variables are acceptable o Correlations between variables are acceptable
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(=®
«*) section E. Outlier Analysis

This section detects outliers using the standard deviation (SD) of errors from the training set.

No PFI (standard descriptor filter):

Outliers (max. 10 shown)

Train: 10 outliers out of 295 datapoints (3.4%)

2279 (3.6 SDs)
885 (5.4 SDs)
1007 (5.0 SDs)
883 (2.1 SDs)
49 (3.5 SDs)
1006 (4.3 SDs)
2763 (3.4 SDs)
345 (2.6 SDs)
2195 (2.7 SDs)
2041 (2.2 SDs)

Test: 5 outliers out of 74 datapoints (6.8%)

888 (3.5 SDs)
884 (5.4 SDs)
890 (2.5 SDs)
3715 (2.7 SDs)
1483 (3.1 SDs)

PFI (only important descriptors):

Outliers (max. 10 shown)

Train: 15 outliers out of 295 datapoints (5.1%)
- 2279 (3.1 SDs)

- 885 (4.4 SDs)

- 1007 (5.0 SDs)

- 978 (2.6 SDs)

- 1126 (3.1 SDs)

- 207 (2.2 SDs)

- 223 (2.4 SDs)

- 889 (2.2 SDs)

- 1128 (2.1 SDs)

- 49 (3.9 SDs)

Test: 7 outliers out of 74 datapoints (9.5%)
- 888 (3.0 SDs)

- 884 (5.9 SDs)

- 872 (2.6 SDs)

- 891 (2.2 SDs)

3222 (2.5 SDs)

412 (3.7 SDs)

1483 (4.5 SDs)

® 6 °
(]
L]
4 2 i ®
C
.' '.o
&
n 27 w 27
g g
@ ®
2 0 2 o
K] K]
? ?
-24 -2+
-4 -4
._6 B
T T T T T T T T T T T T
-4 -2 0 2 4 -6 -4 -2 0 2 4 6
SD of the errors SD of the errors
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®
"/ Section F. Model Screening

This section compares different combinations of hyperoptimized algorithms and partition sizes. The combined error is
calculated as the product of the training error, validation error, and cross-validation error.
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Lo22 5 E
o L0210 3
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GB GB
ML Model ML Model

L ]
@ Section G. Reproducibility

This section provides all the instructions to reproduce the results presented.

1. Download these files (the authors should have uploaded the files as supporting information!):

- CSV database (biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv)

- External test set (biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv)

2. Install and adjust the versions of the following Python modules:

- Install ROBERT and its dependencies: conda install -y -c conda-forge robert
- Adjust ROBERT version: pip install robert==2.0.2
- scikit-learn-intelex: not installed

(if scikit-learn-intelex is installed, slightly different results might be obtained)

3. Run ROBERT using this command line in the folder with the CSV databases:

python -m robert --csv_name "biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv" --y "S1/T1" --names
"code_name" --csv_test "biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv" --ignore "'HOMO-LUMO
gap', 'HOMO', 'LUMO', 'IP', 'EA', 'Total charge', 'Dipole module', 'Global SASA', 'G solv. in H20', 'G of H-bonds

H20O', 'Fermi-level', 'Total polariz. alpha', "Total FOD', 'Softness', 'Hardness', 'Electrophil. idx',

‘Nucleophilicity idx', 'Second IP', 'Second EA', 'MolLogP'l" --model "['GB']"

4. Execution time, Python version and OS:
Originally run in Python 3.10.17 using Windows 10.0.22631

Total execution time: 92.03 seconds (the number of processors should be specified by the user)

ROBERT v 2.0.2 Page 6 of 10
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/O;‘,
¢/ Section H. Transparency

This section contains important parameters used in scikit-learn models and ROBERT.

1. Parameters of the scikit-learn models (same keywords as used in scikit-learn):

No PFI (standard descriptor filter): PFI (only important descriptors):

sklearn model: GradientBoostingRegressor sklearn model: GradientBoostingRegressor
n_estimators: 39 n_estimators: 39

learning_rate: 0.2035490101894677 learning_rate: 0.2035490101894677
max_depth: 7 max_depth: 7

min_samples_split: 8 min_samples_split: 8

min_samples_leaf: 3 min_samples_leaf: 3

subsample: 0.754957408602135 subsample: 0.754957408602135
max_features: 0.6898847011075624 max_features: 0.6898847011075624
validation_fraction: 0.10402150923749871 validation_fraction: 0.10402150923749871
min_weight_fraction_leaf: 0.04144700146086816 min_weight_fraction_leaf: 0.04144700146086816
ccp_alpha: 4.695476192547066e-05 ccp_alpha: 4.695476192547066e-05
random_state: 0 random_state: 0

2. ROBERT options, including prediction type (REG or CLAS), folds and repeats used for CV, etc:

No PFI (standard descriptor filter): PFI (only important descriptors):
type: reg type: reg

kfold: 5 kfold: 5

repeat_kfolds: 10 repeat_kfolds: 10

seed: 0 seed: 0

error_type: rmse error_type: rmse

e
o) section I. Abbreviations

Reference section for the abbreviations used.

ACC: accuracy KN: k-nearest neighbors

ADAB: AdaBoost MAE: root-mean-square error

CSV: comma separated values MCC: Matthew's correl. coefficient
CLAS: classification ML: machine learning

CV: cross-validation MVL: multivariate lineal models

F1 score: balanced F-score NN: neural network

GB: gradient boosting PFI: permutation feature importance
GP: gaussian process R2: coefficient of determination

REG: Regression
RF: random forest
RMSE: root mean square error

RND: random

SHAP: Shapley additive explanations

VR: voting regressor

ROBERT v 2.0.2
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(e
‘o Section J. New Predictions

Predictions of the external test set added with the csv_test option.

External test metrics External test metrics

R2 =0.89, MAE = 0.053, RMSE = 0.066 R2 =0.86, MAE = 0.058, RMSE = 0.075
External test predictions (sorted, max. 20 shown) External test predictions (sorted, max. 20 shown)
From /PREDICT/csv_test/...No_PFl.csv From /PREDICT/csv_test/... PFl.csv

|code_name HS1/T1 “S1/T1_predtsd ‘code_name ||s1/T1 HS1IT1_predisd

11099 224 |[220+007 I 1853 |217 |24 004 }
1853 247|225+ 003 | 1099 |224  [231£002 |
399 214|224 x0.04 | 1754 |208  [23+0.04 |
|97 212 [221:003 | 097 212 |l227+0.03 |
|2764 213 [22+003 | 2764 213 [2.25£0.04 |
1015 243 |214£0.08 | 399 |214  [2.24£0.04 |
11754 208|214+ 005 | 11769 |201  |l22003 |
2749 l199  [213+0.04 | 3211 l194  [218+0.03 |
1769 |201  [2.00£0.04 | (2749 |19 [208+0.03 |
3211 l194  [208+004 | 1123 |2.04  ||2.06+0.06 |
3779 l126  [1.42£003 | 13626 l144  [1.42001 |
|2396 |14 [1.42£0.04 | 13687 l142  [1.42001 |
833 142 [[142:004 | 855 137|139+ 001 |
816 |142  [1.42£003 | 816 |142  [1.39. 0.01 |
3516 137 [141£005 | 13503 l129  [1.39.0.01 |
3474 135 |[142003 | 2007 |145  [[1.39+001 |
3815 136 [1.39£0.02 | 3765 l14 [1:390.01 |
1985 |139  [1.39£0.03 | 3657 l14 [1:39£0.01 |
788 113 [139:003 | 788 l13 |39 001 |
3503 l129  [1.38+005 | 13779 l126  [1.39.x0.01 |

ROBERT v 2.0.2 Page 8 of 10
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Miscellaneous

General tips to improve the models and instructions to predict new values.

Some general tips to improve the score

1. Adding meaningful datapoints might help to improve the model. Also, using a uniform population of datapoints
across the whole range of y values usually helps to obtain reliable predictions across the whole range. More
information about the range of y values used is available in Section C.

2. Adding meaningful descriptors or replacing/deleting the least useful descriptors used might help. Feature
importances are gathered in Section D.

How to predict new values with these models?

1. Create a CSV database with the new points, including the necessary descriptors.
2. Place the CSV file in the parent folder (i.e., where the module folders were created)
3. Run the PREDICT module as 'python -m robert --predict --csv_test FILENAME.csv'.

4. The predictions will be shown at the end of the resulting PDF report and will be stored in the last column of two
CSYV files called MODEL_SIZE_test(_No)_PFl.csv, which are in the PREDICT folder.

ROBERT v 2.0.2 Page 10 of 10



ROBERT Report biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv

-z ROBERT

[« 0 o
o= ! 11 AUTOMATED ML PROTOCOLS

ROBERT v 2.0.2 2025/11/07 11:03:39

How to cite: Dalmau, D.; Alegre Requena, J. V. WIREs Comput Mol Sci. 2024, 14, e1733.

)
@ Section A. ROBERT Score

This score is designed to evaluate the models using different metrics.

No PFI (standard descriptor filter) - Score 8
Model = MVL - CV (train+valid.):Test = 80:20
Points(train+validation):.descriptors = 295:2

[ | 1 I | I | | 1 I ]

3.00

2754

2.50

n

N

3]
1

2.00 4

Predicted S1/T1
%
o
1

1.50

1.254

° o 10x 5-fold CV ° lele
1.004

T T T T T
100 125 150 175 200 225 250 275 3.00
S1T

10x 5-fold CV : R? = 0.88, MAE = 0.097, RMSE = 0.13
Test : R = 0.87, MAE = 0.1, RMSE = 0.13

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations

PFI (only important descriptors) - Score 8
Model = MVL - CV (train+valid.):Test = 80:20
Points(train+validation):descriptors = 295:1

[ | 1 | | I | | 1 I ]

3.00

2754

2.50 4 L

N

N

3]
i

2,004

Predicted S1/T1

S
o
L

1.50

1.25
° o 10x 5-fold CV ° teslj
1.004 [

T T T T T T T
100 125 150 175 200 225 250 275 3.00
ST

10x 5-fold CV : R? = 0.88, MAE = 0.096, RMSE = 0.13
Test : R2 = 0.86, MAE = 0.1, RMSE = 0.14

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations
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@

«2) section B. Advanced Score Analysis

This section explains each component that comprises the ROBERT score. More details here.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to O -
Pass: 0, Unclear: -1, Fail: -2.

0.40 1

0.30 A

RMSE

0.20 A

0.10

0.00 -

Model y_mean y_shuffle onehot

==== Limits: 0.16 (pass), 0.15 (unclear) —» Pass (estJ

2. CV predictions of the model (2 /2 mmmm)
Scaled RMSE (10x 5-fold CV) = 8.12%.

R? (10x 5-fold CV) = 0.88.

- Scoring from O to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 8.12%.

R? (test set) = 0.87.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.

RMSE in test is 1.0*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to 0 -
Pass: 0, Unclear: -1, Fail: -2.

0.40

0.30 1

RMSE

0.20 A

0.10

0.00 -

Model y_mean y_shuffle onehot

==== Limits: 0.17 (pass), 0.15 (unclear) — Pass (estJ

2. CV predictions of the model (2 /2 mmmm)

Scaled RMSE (10x 5-fold CV) = 8.12%.

R2 (10x 5-fold CV) = 0.88.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 8.75%.

R? (test set) = 0.86.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.
RMSE in test is 1.08*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

ROBERT v 2.0.2
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3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.0 (2% y-range).
- Scoring from 0 to 2 -

4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00

2754

2.50

Predicted S1/T1
- N N
~ (=] n
o Qo o

1 1 1

3d. Extrapolation (sorted CV) (0/2 —1—/)

Scaled RMSEs across 5-fold CV:
[10.62%, 8.12%, 6.25%, 7.5%, 19.37%]
- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

3c. Avg. standard deviation (SD) (2 /2 )
Low variation, 4*SD = 0.0 (1% y-range).

- Scoring from 0 to 2 -

4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00

2754

2.50 1

N

N

2]
1

2.004

Predicted S1/T1
7
o
L

1.50 4

1.254

1.004

3d. Extrapolation (sorted CV) (0/2 —x—)
Scaled RMSEs across 5-fold CV:

[9.37%, 8.12%, 6.25%, 6.87%, 18.75%]

- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

L
@ Section C. Distribution of y Values

This section shows the distribution of y values within the training and validation sets.
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y distribution analysis

x WARNING! Your data is not uniform (Q4 has 22 points
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.8
@ Section D. Feature Importances

This section presents feature importances measured using the validation set.

SHAP analysis of MVL_No_PFI
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Correlation analysis

o Correlations between variables are acceptable
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(=®
«*) section E. Outlier Analysis

This section detects outliers using the standard deviation (SD) of errors from the training set.

No PFI (standard descriptor filter):

Outliers (max. 10 shown)

Train: 12 outliers out of 295 datapoints (4.1%)

Test: 4 outliers out of 74 datapoints (5.4%)

2279 (4.6 SDs)
885 (4.3 SDs)
1007 (5.4 SDs)
1130 (2.8 SDs)
978 (2.3 SDs)
1126 (2.8 SDs)
207 (2.2 SDs)
345 (2.1 SDs)
3264 (3.0 SDs)
1362 (2.9 SDs)

888 (4.2 SDs)
884 (3.8 SDs)
890 (2.8 SDs)
46 (3.2 SDs)

SD of the errors
o
I

-4

T

0
SD of the errors

T

2

PFI (only important descriptors):

Outliers (max. 10 shown)

Train: 11 outliers out of 295 datapoints (3.7%)

Test: 5 outliers out of 74 datapoints (6.8%)

2279 (3.5 SDs)
885 (4.4 SDs)
1007 (5.4 SDs)
1130 (2.7 SDs)
978 (2.4 SDs)
1126 (2.8 SDs)
207 (2.4 SDs)
345 (2.5 SDs)
3264 (3.2 SDs)
1362 (2.9 SDs)

888 (4.3 SDs)
884 (4.0 SDs)
890 (2.8 SDs)
1483 (2.1 SDs)
46 (3.0 SDs)

SD of the errors
o
!

-2+

-4 4

-4

T T T
-2 0 2
SD of the errors
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®
"/ Section F. Model Screening

This section compares different combinations of hyperoptimized algorithms and partition sizes. The combined error is
calculated as the product of the training error, validation error, and cross-validation error.

0.240
0.235
0.235
0.230
0.230
- 0.225
- w w
0.225 g g
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MVL MVL
ML Model ML Model

L ]
@ Section G. Reproducibility

This section provides all the instructions to reproduce the results presented.

1. Download these files (the authors should have uploaded the files as supporting information!):

- CSV database (biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv)

- External test set (biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv)

2. Install and adjust the versions of the following Python modules:

- Install ROBERT and its dependencies: conda install -y -c conda-forge robert
- Adjust ROBERT version: pip install robert==2.0.2
- scikit-learn-intelex: not installed

(if scikit-learn-intelex is installed, slightly different results might be obtained)

3. Run ROBERT using this command line in the folder with the CSV databases:

python -m robert --csv_name "biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv" --y "S1/T1" --names
"code_name" --csv_test "biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv" --ignore "'HOMO-LUMO
gap', 'LUMQ', 'HOMO', 'IP", 'Dipole module’, 'EA", "Total charge', 'Global SASA', 'G solv. in H20', 'G of H-bonds

H20O', 'Fermi-level', 'Total polariz. alpha', "Total FOD', 'Hardness', 'Softness', 'Electrophil. idx’,

‘Nucleophilicity idx', 'Second IP', 'Second EA', 'MolLogP'l" --model "['MVL""

4. Execution time, Python version and OS:
Originally run in Python 3.10.17 using Windows 10.0.22631

Total execution time: 16.05 seconds (the number of processors should be specified by the user)

ROBERT v 2.0.2 Page 6 of 10
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/O;‘,
¢/ Section H. Transparency

This section contains important parameters used in scikit-learn models and ROBERT.

1. Parameters of the scikit-learn models (same keywords as
No PFI (standard descriptor filter):

sklearn model: LinearRegression

2. ROBERT options, including prediction type (REG or CLAS), folds and repeats used for CV, etc:

No PFI (standard descriptor filter):
type: reg

kfold: 5

repeat_kfolds: 10

seed: 0

error_type: rmse

used in scikit-learn):
PFI (only important descriptors):

sklearn model: LinearRegression

PFI (only important descriptors):
type: reg

kfold: 5

repeat_kfolds: 10

seed: 0

error_type: rmse

A
o?—/ Section I. Abbreviations

Reference section for the abbreviations used.

ACC: accuracy KN: k-nearest neighbors REG: Regression
ADAB: AdaBoost MAE: root-mean-square error RF: random forest
CSV: comma separated values MCC: Matthew's correl. coefficient RMSE: root mean square error
CLAS: classification ML: machine learning RND: random
CV: cross-validation MVL: multivariate lineal models SHAP: Shapley additive explanations
F1 score: balanced F-score NN: neural network VR: voting regressor
GB: gradient boosting PFI: permutation feature importance
GP: gaussian process R2: coefficient of determination
ROBERT v 2.0.2 Page 7 of 10
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(e
‘o Section J. New Predictions

Predictions of the external test set added with the csv_test option.

External test metrics External test metrics

R2 =0.9, MAE = 0.077, RMSE = 0.096 R2 =0.89, MAE = 0.072, RMSE = 0.093
External test predictions (sorted, max. 20 shown) External test predictions (sorted, max. 20 shown)
From /PREDICT/csv_test/...No_PFl.csv From /PREDICT/csv_test/... PFl.csv

|code_name HS1/T1 “S1/T1_predtsd ‘code_name ||s1/T1 HS1IT1_predisd

1853 1247|224 2001 I 1754 208 [225+ 001 }
1754 |208  [[2.23x0.01 | 1853 |247  [2.24 £ 0.01 |
1099 |224  [[2.23x0.01 | 1099 |224 |21 0.1 |
399 214|221+ 001 | 097 212|221 001 |
|97 212 |22+ 001 | 399 214 |22+ 001 |
|2764 213 [[219.x0.01 | 2764 213 [222001 |
11769 |201 |18+ 001 | 11769 |201  [219+001 |
1123 |204  [[2.15x0.01 | 3211 l194  [218x0.01 |
3211 l194  [[214x0.01 | 2236 l192  [213x0.01 |
1883 l1.96  |213+001 | 1883 l196  [212+001 |
3687 |142  [1.20x0.01 | 13626 |144  [1.32001 |
855 |137  [1.27 0.1 | 13687 l142  [1.200.01 |
816 1142|126+ 001 | 855 |137  [[127+001 |
3765 l14 [1.25+0.01 | 816 |142  [1.26 £ 0.01 |
|3468 133 [[1.24x0.01 | 13503 l129  [1.25£0.01 |
12007 1145 |[124 2001 | 2007 |145  [[1.242001 |
3657 l14 [1.242001 | 3765 l14 [1:23x001 |
3503 |129  [1.23x0.01 | 3657 l14 [122x001 |
13779 l126  |[1.18+0.01 | 13779 |126  [[1.19+001 |
788 13 [1.14 2001 | 788 I3 [1.18x0.01 |

ROBERT v 2.0.2 Page 8 of 10



ROBERT Report biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv

2.2 2.2
2.0 2.0
.| E
st 5 1.8
z :
%107 8 161
o o
1.4- .
2
129 ° ® External test I +sD ] 1.2 deo e ® External test I +£sD ]
12 1.4 16 18 20 22 12 14 16 1.8 20 22
S1T1 S1T1
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Miscellaneous

General tips to improve the models and instructions to predict new values.

Some general tips to improve the score

1. Adding meaningful datapoints might help to improve the model. Also, using a uniform population of datapoints
across the whole range of y values usually helps to obtain reliable predictions across the whole range. More
information about the range of y values used is available in Section C.

2. Adding meaningful descriptors or replacing/deleting the least useful descriptors used might help. Feature
importances are gathered in Section D.

How to predict new values with these models?

1. Create a CSV database with the new points, including the necessary descriptors.
2. Place the CSV file in the parent folder (i.e., where the module folders were created)
3. Run the PREDICT module as 'python -m robert --predict --csv_test FILENAME.csv'.

4. The predictions will be shown at the end of the resulting PDF report and will be stored in the last column of two
CSYV files called MODEL_SIZE_test(_No)_PFl.csv, which are in the PREDICT folder.

ROBERT v 2.0.2 Page 10 of 10
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)
@ Section A. ROBERT Score

This score is designed to evaluate the models using different metrics.

No PFI (standard descriptor filter) - Score 9
Model = NN - CV (train+valid.):Test = 80:20
Points(train+validation):.descriptors = 295:2
. |
STRONG

3.004

2754

N N
N w
3] o
1 1

Predicted S1/T1
N
o
(=]
1

e 10x 5-fold CV o test |
J

T T T
1.25 150 175 200 225 250 275 3.00
S1/T1

10x 5-fold CV : R? = 0.93, MAE = 0.072, RMSE = 0.098
Test : R? = 0.94, MAE = 0.067, RMSE = 0.094

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

The model seems reliable

PFI (only important descriptors) - Score 9

Model = NN - CV (train+valid.):Test = 80:20

Points(train+validation):descriptors = 295:1

. |
STRONG

3.004

2754

2.50

2254

2.00

Predicted S1/T1

1.754

e 10x 5-fold CV o test|
J

T T T
1.25 1.50 175 200 225 250 275 3.00
S1/T1

10x 5-fold CV : R? = 0.92, MAE = 0.078, RMSE = 0.11
Test : R2 = 0.9, MAE = 0.079, RMSE = 0.12

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

The model seems reliable

ROBERT v 2.0.2
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-9
C@/ Section B. Advanced Score Analysis

This section explains each component that comprises the ROBERT score. More details here.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to O -
Pass: 0, Unclear: -1, Fail: -2.

0.40 4

0.30

RMSE

0.20 4

0.10

0.00 -

Model y_mean y_shuffle onehot

-=-=- Limits: 0.13 (pass), 0.11 (unclear) = Pass testJ

2. CV predictions of the model (2 /2 mmmm)
Scaled RMSE (10x 5-fold CV) = 6.12%.

R? (10x 5-fold CV) = 0.93.

- Scoring from O to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 5.88%.

R? (test set) = 0.94.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.

RMSE in test is 0.96*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to 0 -
Pass: 0, Unclear: -1, Fail: -2.

0.40 4

0.30 1

RMSE

0.204

0.10 4

0.00 -

Model y_mean y_shuffle onehot

==== Limits: 0.14 (pass), 0.12 (unclear) —» Pass (estJ

2. CV predictions of the model (2 /2 mmmm)
Scaled RMSE (10x 5-fold CV) = 6.87%.

R2 (10x 5-fold CV) = 0.92.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 7.5%.

R? (test set) = 0.9.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.
RMSE in test is 1.09*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

ROBERT v 2.0.2
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3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.1 (5% y-range).
- Scoring from 0 to 2 -

4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00 4

2754

2.50

N

N

3]
1

Predicted S1/T1

3d. Extrapolation (sorted CV) (1/2 =—1—/])
Scaled RMSEs across 5-fold CV:

[6.25%, 5.0%, 5.62%, 7.5%, 13.12%]

- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

3c. Avg. standard deviation (SD) (2 /2 )
Low variation, 4*SD = 0.0 (2% y-range).

- Scoring from 0 to 2 -

4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00 4

2754

2.50

N

N

3]
1

Predicted S1/T1

o test [ :SD]

3d. Extrapolation (sorted CV) (1/2 =)
Scaled RMSEs across 5-fold CV:

[7.5%, 6.87%, 6.87%, 10.0%, 15.62%]

- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

L
@ Section C. Distribution of y Values

This section shows the distribution of y values within the training and validation sets.

PLE ;

Leyl Q2

110 points

Q3
89 points

Q4
22 points |
1

1 148 points
i

20

w
1

Frequency

104

1.25 1.50 175 200 225 250 275 3.00
S1/T1 values

y distribution analysis

x WARNING! Your data is not uniform (Q4 has 22 points

while Q1 has 148)

' ' ' ' '
21 0 a1 @ i@ 1 Qs i
| 148points | 110points | 83points | 22points |
i i i i H
\ ' |
20
oy
c 154
o
=)
=3
o
w
104
54
04

1.25 1.50 175 200 225 250 275 3.00
S1/T1 values

y distribution analysis

x WARNING! Your data is not uniform (Q4 has 22 points
while Q1 has 148)
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.8
@ Section D. Feature Importances

This section presents feature importances measured using the validation set.

SHAP analysis of NN_No_PFI

o
High2 SHAP analysis of NN_PFI E
S0-T1gap @ e s s + T SR OB s ) - 3 High
Electronegativity —— % S0-T1 gap M+ St RS =@ e = s
T T T T T T Low® T T T T T T T low g
04 -02 00 02 04 06 08 -04 -02 00 02 04 06 08 &
SHAP value (impact on model output) SHAP value (impact on model output)

Permutation feature importances (PFls) of NN_PFI

Permutation feature importances (PFls) of NN_No_PFI

S0-T1gap

S0-T1 gap

Electronegativity

T T T T
ufn 0.1 02 03 04 0.00 0.05 010 0.15 0.20 025 0.30 035 040

Pearson's r heatmap_PFI

Pearson's r heatmap_No_PFI

Electronegativity -
S0-T1gap -
S0-T1 gap - ;q,‘g
1 . 1 1
Electronegativity S0-T1 gap SO0-T1 gap
Correlation analysis Correlation analysis
o Correlations between variables are acceptable o Correlations between variables are acceptable
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(=®
«*) section E. Outlier Analysis

This section detects outliers using the standard deviation (SD) of errors from the training set.

No PFI (standard descriptor filter):

Outliers (max. 10 shown)

Train: 10 outliers out of 295 datapoints (3.4%)
- 2279 (5.2 SDs)

- 885 (4.4 SDs)

- 1007 (6.4 SDs)

- 1126 (2.7 SDs)

- 207 (2.1 SDs)

- 49 (2.1 SDs)

- 1006 (3.9 SDs)

- 2651 (4.0 SDs)

- 2649 (2.1 SDs)

- 2195 (3.1 SDs)

Test: 5 outliers out of 74 datapoints (6.8%)
888 (3.8 SDs)

884 (3.5 SDs)

890 (2.3 SDs)

3715 (2.6 SDs)

1483 (2.1 SDs)

SD of the errors
o
I

-4

-6

T T T T T
-6 -4 -2 0 2 4
SD of the errors

PFI (only important descriptors):

Outliers (max. 10 shown)

Train: 14 outliers out of 295 datapoints (4.7%)

- 2279 (2.8 SDs)
- 885 (4.7 SDs)
- 1007 (6.3 SDs)
- 1130 (2.0 SDs)
- 978 (2.3 SDs)
- 1126 (3.1 SDs)
- 207 (2.9 SDs)
- 889 (2.0 SDs)
- 49 (2.5 SDs)

- 1006 (2.4 SDs)
Test: 5 outliers out of 74 datapoints (6.8%)
- 888 (4.6 SDs)
- 884 (4.4 SDs)
- 890 (2.8 SDs)
- 891 (2.2 SDs)
- 1483 (3.5 SDs)

SD of the errors
o
!

-4 4

-6

T T T T T
-6 -4 =2 0 2 4
SD of the errors
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®
"/ Section F. Model Screening

This section compares different combinations of hyperoptimized algorithms and partition sizes. The combined error is
calculated as the product of the training error, validation error, and cross-validation error.

0.195
0.165
0.190
0160 i
u -0.185
= =
14 14
0.15 01553 0.18 -0.180 B
L = L=
5 5
£ £
-0.150 3 L0175 3
F0.1
-0.145 0.170
0.165
F0.140
T P T P
NN NN
ML Model ML Model

L ]
@ Section G. Reproducibility

This section provides all the instructions to reproduce the results presented.

1. Download these files (the authors should have uploaded the files as supporting information!):

- CSV database (biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv)

- External test set (biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv)

2. Install and adjust the versions of the following Python modules:

- Install ROBERT and its dependencies: conda install -y -c conda-forge robert
- Adjust ROBERT version: pip install robert==2.0.2
- scikit-learn-intelex: not installed

(if scikit-learn-intelex is installed, slightly different results might be obtained)

3. Run ROBERT using this command line in the folder with the CSV databases:

python -m robert --csv_name "biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv" --y "S1/T1" --names
"code_name" --csv_test "biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv" --ignore "'HOMO-LUMO
gap', 'HOMO', 'LUMO', 'IP', "Total charge', 'Global SASA', 'G solv. in H20', 'EA', 'Dipole module’, 'Fermi-level', 'G

of H-bonds H2Q', "Total polariz. alpha', "Total FOD', 'Hardness', 'Softness', 'Electrophil. idx', 'Nucleophilicity

idx', 'Second IP", 'Second EA', 'MolLogP']" --model "['NN']"

4. Execution time, Python version and OS:
Originally run in Python 3.10.17 using Windows 10.0.22631

Total execution time: 158.04 seconds (the number of processors should be specified by the user)

ROBERT v 2.0.2 Page 6 of 10
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/O;‘,
¢/ Section H. Transparency

This section contains important parameters used in scikit-learn models and ROBERT.

1. Parameters of the scikit-learn models (same keywords as used in scikit-learn):

No PFI (standard descriptor filter):

sklearn model: MLPRegressor
hidden_layer_1: 8
hidden_layer_2: 4

max_iter: 389

alpha: 0.01288474041197673
tol: 3.177395036752787e-05
random_state: 0

solver: Ibfgs

PFI (only important descriptors):

sklearn model: MLPRegressor

hidden_layer_1: 8
hidden_layer_2: 4

max_iter: 389

alpha: 0.01288474041197673
tol: 3.177395036752787e-05

random_state: 0

solver: Ibfgs

2. ROBERT options, including prediction type (REG or CLAS), folds and repeats used for CV, etc:

No PFI (standard descriptor filter):
type: reg

kfold: 5

repeat_kfolds: 10

seed: 0

error_type: rmse

PFI (only important descriptors):

type: reg
kfold: 5

repeat_kfolds: 10

seed: 0

error_type: rmse

(@)

./ Section I. Abbreviations

Reference section for the abbreviations used.

ACC: accuracy

ADAB: AdaBoost

CSV: comma separated values
CLAS: classification

CV: cross-validation

F1 score: balanced F-score
GB: gradient boosting

GP: gaussian process

KN: k-nearest neighbors

MAE: root-mean-square error

MCC: Matthew's correl. coefficient
ML: machine learning

MVL: multivariate lineal models

NN: neural network

PFI: permutation feature importance

R2: coefficient of determination

REG: Regression

RF: random forest

RMSE: root mean square error

RND: random

SHAP: Shapley additive explanations

VR: voting regressor

ROBERT v 2.0.2
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(e
‘o Section J. New Predictions

Predictions of the external test set added with the csv_test option.

External test metrics External test metrics

R2 =0.91, MAE = 0.051, RMSE = 0.062 R2 =0.88, MAE = 0.057, RMSE = 0.069
External test predictions (sorted, max. 20 shown) External test predictions (sorted, max. 20 shown)
From /PREDICT/csv_test/...No_PFl.csv From /PREDICT/csv_test/... PFl.csv

|code_name HS1/T1 “S1/T1_predtsd ‘code_name ||s1/T1 HS1IT1_predisd

11099 |224  [228+002 I 1754 |208 |28+ 001 }
1853 247|225 0.01 | 1853 |247  [2.26 £ 0.01 |
399 214 [[2.21x0.01 | 1099 |224 |21 0.1 |
|97 212|218+ 001 | 097 212|221 001 |
1754 208 [2.15+0.03 | 399 |214 |21 0.01 |
|2764 213 [214£0.02 | 2764 213 [222001 |
1015 213 [2142003 | 11769 |201  [219+001 |
2749 199 [212+0.02 | 3211 l194  [217x0.02 |
1139 212|211 002 | 2236 l192  [2112001 |
1013 204 [2.1120.02 | 1883 |1.96  [200+001 |
3765 14 [142002 | 13626 |144  [1.4220.01 |
3516 137 [142002 | 13687 l142  [1.41 2001 |
|855 1137 [[14x0.02 | 855 |137  [[14x001 |
816 l142  [1.39£0.02 | 816 |142  [1.39. 0.01 |
3657 l14 [1:39£0.02 | 13503 l129  [1.39.0.01 |
12007 l145  [138002 | 2007 |145  [[1.38+001 |
|3468 133 [1.38+0.03 | 3765 |14 [1:38 001 |
3503 |129  [1.37 £ 0.01 | 3657 l14 [1:37 001 |
13779 l126  [136+002 | 13779 l126  [[135+001 |
788 l13 [1:33x0.04 | 788 I3 [1:3¢ 001 |
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224 22
2.0 2.0
E E
b b
o 1.8 - 1.8
o o
o o
8 8
o 16 & 16
1.4 1.4 4
® External test I+ SD] ® External test I+ SD]
1.2+ 1.2+
T T T T T T T T T T T T
1.2 14 1.6 1.8 2.0 22 1.2 14 1.6 1.8 2.0 22
S1/T1 S1/m1
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Miscellaneous

General tips to improve the models and instructions to predict new values.

Some general tips to improve the score

1. Adding meaningful datapoints might help to improve the model. Also, using a uniform population of datapoints
across the whole range of y values usually helps to obtain reliable predictions across the whole range. More
information about the range of y values used is available in Section C.

2. Adding meaningful descriptors or replacing/deleting the least useful descriptors used might help. Feature
importances are gathered in Section D.

How to predict new values with these models?

1. Create a CSV database with the new points, including the necessary descriptors.
2. Place the CSV file in the parent folder (i.e., where the module folders were created)
3. Run the PREDICT module as 'python -m robert --predict --csv_test FILENAME.csv'.

4. The predictions will be shown at the end of the resulting PDF report and will be stored in the last column of two
CSYV files called MODEL_SIZE_test(_No)_PFl.csv, which are in the PREDICT folder.

ROBERT v 2.0.2 Page 10 of 10
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)
@ Section A. ROBERT Score

This score is designed to evaluate the models using different metrics.

No PFI (standard descriptor filter) - Score 8
Model = RF - CV (train+valid.):Test = 80:20
Points(train+validation):.descriptors = 295:2

[ | 1 I | I | | 1 I ]

Predicted S1/T1
N
o
(=]
1

1.754

1.50

1 =
1.254 e 10x 5-fold CV o test |

T T T
1.25 150 175 200 225 250 275 3.00
S1/T1

10x 5-fold CV : R? = 0.9, MAE = 0.093, RMSE = 0.12
Test : R? = 0.89, MAE = 0.09, RMSE = 0.13

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations

PFI (only important descriptors) - Score 8
Model = RF - CV (train+valid.):Test = 80:20
Points(train+validation):descriptors = 295:1

2.00 4

Predicted S1/T1

1.754

1.50

1 -1
1.254 e 10x 5-fold CV o test |

T T T T T
1.25 150 175 200 225 250 275 3.00
S1/T1

10x 5-fold CV : R? = 0.91, MAE = 0.082, RMSE = 0.11
Test : R2 = 0.91, MAE = 0.077, RMSE = 0.11

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations

ROBERT v 2.0.2
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C@/ Section B. Advanced Score Analysis

This section explains each component that comprises the ROBERT score. More details here.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to O -
Pass: 0, Unclear: -1, Fail: -2.

0.40

0.30

RMSE

0.20

0.10

0.00 -

Model y_mean y_shuffle onehot

==== Limits: 0.16 (pass), 0.14 (unclear) —» Pass lestJ

2. CV predictions of the model (2 /2 mmmm)

Scaled RMSE (10x 5-fold CV) = 7.5%.

R? (10x 5-fold CV) = 0.9.

- Scoring from O to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R2<0.5:-2, R2<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 8.12%.

R? (test set) = 0.89.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.

RMSE in test is 1.08*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to 0 -
Pass: 0, Unclear: -1, Fail: -2.

0.40

0.30 1

RMSE

0.20

0.10 1

0.00 -

Model y_mean y_shuffle onehot

==== Limits: 0.14 (pass), 0.13 (unclear) —» Pass (estJ

2. CV predictions of the model (2 /2 mmmm)

Scaled RMSE (10x 5-fold CV) = 6.87%.

R2 (10x 5-fold CV) = 0.91.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 6.87%.

R? (test set) = 0.91.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.
RMSE in test is 1.0*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

ROBERT v 2.0.2
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3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.1 (5% y-range).
- Scoring from 0 to 2 -

4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00 4

2754

2.50

N

N

3]
1

Predicted S1/T1

3d. Extrapolation (sorted CV) (0/2 —1—/)

Scaled RMSEs across 5-fold CV:
[15.62%, 6.87%, 8.75%, 13.12%, 25.0%]
- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.1 (4% y-range).
- Scoring from 0 to 2 -
4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00 4

2754

2.50

N

N

3]
1

Predicted S1/T1

3d. Extrapolation (sorted CV) (0/2 —x—)
Scaled RMSEs across 5-fold CV:

[12.5%, 8.12%, 10.0%, 14.37%, 21.25%]

- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

L
@ Section C. Distribution of y Values

This section shows the distribution of y values within the training and validation sets.

PLE ;

Leyl Q2

110 points
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89 points
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22 points |
1

1 148 points
i

20

w
1
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1.25 1.50 175 200 225 250 275 3.00
S1/T1 values

y distribution analysis

x WARNING! Your data is not uniform (Q4 has 22 points

while Q1 has 148)
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.8
@ Section D. Feature Importances

This section presents feature importances measured using the validation set.

SHAP analysis of RF_No_PFIl

S0-T1gap pom *-.-4- " s e SANIE Gtewad
.:

Electronegativity

I
-3
>

g
=
Feature value

T U T T T
-02 00 0.2 04 06
SHAP value (impact on model output)

Permutation feature importances (PFis) of RF_No_PFl

S0-T1gap

Electronegativity

Pearson's r heatmap_No_PFI

Electronegativity -

S0-T1 gap - ;q,‘g

1 . 1
Electronegativity S0-T1 gap

Correlation analysis

o Correlations between variables are acceptable

SHAP analysis of RF_PFI

value

High'
S0-T1 gap l--...-.‘-. + + cem mempuPone o @

T T T T T T T
-04 -02 0.0 02 04 0.6 08
SHAP value (impact on model output)

,_
g
=
Feature

Permutation feature importances (PFls) of RF_PFI

S0-T1 gap

Pearson's r heatmap_PFI

S0-T1gap -

1
SO0-T1 gap

Correlation analysis

o Correlations between variables are acceptable
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(=®
«*) section E. Outlier Analysis

This section detects outliers using the standard deviation (SD) of errors from the training set.

No PFI (standard descriptor filter):

Outliers (max. 10 shown)

Train: 13 outliers out of 295 datapoints (4.4%)

Test: 5 outliers out of 74 datapoints (6.8%)

2279 (4.6 SDs)
885 (4.8 SDs)
1007 (4.7 SDs)
1130 (3.4 SDs)
2767 (2.2 SDs)
978 (2.4 SDs)
207 (2.3 SDs)
49 (2.8 SDs)
345 (3.4 SDs)
3555 (2.0 SDs)

888 (4.0 SDs)
884 (4.4 SDs)
890 (2.5 SDs)
1483 (2.8 SDs)
775 (2.1 SDs)

PFI (only important descriptors):

Outliers (max. 10 shown)

Train: 13 outliers out of 295 datapoints (4.4%)

Test: 4 outliers out of 74 datapoints (5.4%)

2279 (3.3 SDs)
885 (4.6 SDs)
1007 (5.8 SDs)
1130 (3.2 SDs)
978 (2.5 SDs)
1126 (3.1 SDs)
207 (2.3 SDs)
49 (3.5 SDs)
1006 (2.1 SDs)
1014 (2.2 SDs)

888 (4.1 SDs)
884 (4.5 SDs)
890 (2.5 SDs)
1483 (3.7 SDs)

6 °
44 o @
44 ®
2_
0 o 2
§ §
@ @
2 04 2 04
k] k]
@ @
_2 - _z ]
_.4 B
_4 -
_G -
T T T T T T T T T T T T
-4 =2 0 2 - -6 -4 =2 0 2 4 6
SD of the errors SD of the errors
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®
"/ Section F. Model Screening

This section compares different combinations of hyperoptimized algorithms and partition sizes. The combined error is
calculated as the product of the training error, validation error, and cross-validation error.

0.245
0.28
0.240
0.235
i 0.27
w
%) 0230
= =
o x
0.26 -0.26 E 0.22 -0.225 °
L= L=
8 5
E 0220 €
3 8
F0.25 -0.215
0.210
-0.24
-0.205
T s— T -
RF RF
ML Model ML Model

L ]
@ Section G. Reproducibility

This section provides all the instructions to reproduce the results presented.

1. Download these files (the authors should have uploaded the files as supporting information!):

- CSV database (biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv)

- External test set (biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv)

2. Install and adjust the versions of the following Python modules:

- Install ROBERT and its dependencies: conda install -y -c conda-forge robert
- Adjust ROBERT version: pip install robert==2.0.2
- scikit-learn-intelex: not installed

(if scikit-learn-intelex is installed, slightly different results might be obtained)

3. Run ROBERT using this command line in the folder with the CSV databases:

python -m robert --csv_name "biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv" --y "S1/T1" --names
"code_name" --csv_test "biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv" --ignore "'HOMO-LUMO
gap', 'HOMO', 'LUMO', 'IP', 'EA', 'Global SASA', 'Total charge', 'Dipole module', 'G solv. in H20', 'G of H-bonds

H20O', 'Fermi-level', 'Total polariz. alpha', "Total FOD', 'Hardness', 'Softness', 'Electrophil. idx’,

‘Nucleophilicity idx', 'Second IP', 'Second EA', 'MolLogP'l" --model "['RF']"

4. Execution time, Python version and OS:
Originally run in Python 3.10.17 using Windows 10.0.22631

Total execution time: 221.96 seconds (the number of processors should be specified by the user)

ROBERT v 2.0.2 Page 6 of 10
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/O;‘,
¢/ Section H. Transparency

This section contains important parameters used in scikit-learn models and ROBERT.

1. Parameters of the scikit-learn models (same keywords as used in scikit-learn):

No PFI (standard descriptor filter): PFI (only important descriptors):
sklearn model: RandomForestRegressor sklearn model: RandomForestRegressor
n_estimators: 99 n_estimators: 99

max_depth: 12 max_depth: 12

min_samples_split: 9 min_samples_split: 9

min_samples_leaf: 3 min_samples_leaf: 3
min_weight_fraction_leaf: 0.014621720493395468 min_weight_fraction_leaf: 0.014621720493395468
max_features: 0.5933073827833075 max_features: 0.5933073827833075
ccp_alpha: 0.0012369559075742199 ccp_alpha: 0.0012369559075742199
max_samples: 0.8102811493262625 max_samples: 0.8102811493262625
random_state: 0 random_state: 0

2. ROBERT options, including prediction type (REG or CLAS), folds and repeats used for CV, etc:

No PFI (standard descriptor filter): PFI (only important descriptors):
type: reg type: reg

kfold: 5 kfold: 5

repeat_kfolds: 10 repeat_kfolds: 10

seed: 0 seed: 0

error_type: rmse error_type: rmse

"Vu 1
o/ Section |. Abbreviations

Reference section for the abbreviations used.

ACC: accuracy KN: k-nearest neighbors REG: Regression

ADAB: AdaBoost MAE: root-mean-square error RF: random forest

CSV: comma separated values MCC: Matthew's correl. coefficient RMSE: root mean square error
CLAS: classification ML: machine learning RND: random

CV: cross-validation MVL: multivariate lineal models SHAP: Shapley additive explanations
F1 score: balanced F-score NN: neural network VR: voting regressor

GB: gradient boosting PFI: permutation feature importance

GP: gaussian process R2: coefficient of determination

ROBERT v 2.0.2 Page 7 of 10
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(e
‘o Section J. New Predictions

Predictions of the external test set added with the csv_test option.

External test metrics External test metrics

R2 =0.77, MAE = 0.078, RMSE = 0.1 R2 =0.84, MAE = 0.062, RMSE = 0.079
External test predictions (sorted, max. 20 shown) External test predictions (sorted, max. 20 shown)
From /PREDICT/csv_test/...No_PFl.csv From /PREDICT/csv_test/... PFl.csv

|code_name HS1/T1 “S1/T1_predtsd ‘code_name ||s1/T1 HS1IT1_predisd

1853 1217 [23x0.02 I 1853 217 ||232+003 }
1754 208 |229+0.03 | 1754 |208  [2:31£0.02 |
399 214|228 +0.02 | 1099 |224  [228+002 |
|97 212 [227:002 | 097 212 |l226+0.02 |
|2764 213|227 0,02 | 399 |214  [225+0.02 |
1099 224 |225+003 | 2764 213 [224 %002 |
3211 l194  [2242003 | 11769 201 |l222+002 |
1769 201 [223x0.02 | 3211 l194  [221£002 |
1883 l196  [2.14£0.04 | 2236 l192  [213£003 |
12749 l199  [212:004 | 1883 196 |l2.12+003 |
3687 l142  [1.53x0.01 | 13626 l144  [1.435002 |
|2396 l14s  [1.53£0.02 | 13687 l142  [1.43£002 |
13779 l126  |[153+001 | 855 137 |[1432002 |
|60 |14 [1.53£0.02 | 2007 l145  [1.43£002 |
3765 l14  [1.53x0.01 | 816 l142  [1.43£002 |
|855 |137  [153:002 | 13765 |14 |l1432002 |
3644 |136  [1.53x0.01 | 3657 l14 [1432002 |
3663 138 [1.53x0.01 | 788 l13 [143£002 |
13657 l14 |[152+001 | 13503 |129  [[1432002 |
3799 |13 [1.52x0.01 | 13779 l126  [1.43£0.02 |
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Miscellaneous

General tips to improve the models and instructions to predict new values.

Some general tips to improve the score

1. Adding meaningful datapoints might help to improve the model. Also, using a uniform population of datapoints
across the whole range of y values usually helps to obtain reliable predictions across the whole range. More
information about the range of y values used is available in Section C.

2. Adding meaningful descriptors or replacing/deleting the least useful descriptors used might help. Feature
importances are gathered in Section D.

How to predict new values with these models?

1. Create a CSV database with the new points, including the necessary descriptors.
2. Place the CSV file in the parent folder (i.e., where the module folders were created)
3. Run the PREDICT module as 'python -m robert --predict --csv_test FILENAME.csv'.

4. The predictions will be shown at the end of the resulting PDF report and will be stored in the last column of two
CSYV files called MODEL_SIZE_test(_No)_PFl.csv, which are in the PREDICT folder.

ROBERT v 2.0.2 Page 10 of 10
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)
@ Section A. ROBERT Score

This score is designed to evaluate the models using different metrics.

No PFI (standard descriptor filter) - Score 8
Model = GB - CV (train+valid.):Test = 80:20
Points(train+validation):descriptors = 295:1

[ | 1 I | I | | 1 I ]

3.004

2754

N N
N o
) o
1 1

Predicted S1/T1
N
o
(=]
1

1.754

1.50

e 10x 5-fold CV ® test|

1.25

T T T
1.25 150 175 200 225 250 275 3.00
S1/T1

10x 5-fold CV : R? = 0.92, MAE = 0.081, RMSE = 0.11
Test : R? = 0.89, MAE = 0.081, RMSE = 0.12

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations

PFI (only important descriptors) - Score 8
Model = GB - CV (train+valid.):Test = 80:20
Points(train+validation):descriptors = 295:1

2.00 4

Predicted S1/T1

1.754

1.50

1 -1
1.254 e 10x 5-fold CV o test |

T T T

T T T T T
1.25 150 175 200 225 250 275 3.00
S1/T1

10x 5-fold CV : R? = 0.92, MAE = 0.081, RMSE = 0.11
Test : R = 0.89, MAE = 0.081, RMSE = 0.12

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations
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C@/ Section B. Advanced Score Analysis

This section explains each component that comprises the ROBERT score. More details here.

1. Model vs "flawed" models (0/0)
The model predicts right for the right reasons.

- Scoring from -6 to O -
Pass: 0, Unclear: -1, Fail: -2.

0.40 A

0.30 4

RMSE

0.20

0.10 4

0.00 -

Model y_mean y_shuffle onehot

==== Limits: 0.14 (pass), 0.12 (unclear) —» Pass lestJ

2. CV predictions of the model (2 /2 mmmm)

Scaled RMSE (10x 5-fold CV) = 6.87%.

RZ (10x 5-fold CV) = 0.92.

- Scoring from O to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 7.5%.

R? (test set) = 0.89.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.

RMSE in test is 1.09*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to 0 -
Pass: 0, Unclear: -1, Fail: -2.

0.40 A

0.30 4

RMSE

0.20 1

0.10 4

0.00 -

Model y_mean y_shuffle onehot

==== Limits: 0.14 (pass), 0.12 (unclear) —» Pass (estJ

2. CV predictions of the model (2 /2 mmmm)

Scaled RMSE (10x 5-fold CV) = 6.87%.

R2 (10x 5-fold CV) = 0.92.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 7.5%.

R? (test set) = 0.89.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.
RMSE in test is 1.09*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

ROBERT v 2.0.2
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3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.1 (5% y-range).
- Scoring from 0 to 2 -

4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00 4

2754

2.50

N

N

3]
1

Predicted S1/T1

3d. Extrapolation (sorted CV) (0/2 —1—/)
Scaled RMSEs across 5-fold CV:

[10.0%, 6.25%, 7.5%, 14.37%, 20.0%)]

- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.1 (5% y-range).
- Scoring from 0 to 2 -
4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00 4

2754

2.50

N

N

3]
1

Predicted S1/T1

3d. Extrapolation (sorted CV) (0/2 —x—)
Scaled RMSEs across 5-fold CV:

[10.0%, 6.25%, 7.5%, 14.37%, 20.0%]

- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

L
@ Section C. Distribution of y Values

This section shows the distribution of y values within the training and validation sets.

PLE ;

Leyl Q2
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89 points
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22 points |
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1 148 points
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y distribution analysis

x WARNING! Your data is not uniform (Q4 has 22 points

while Q1 has 148)
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while Q1 has 148)

ROBERT v 2.0.2

Page 3 of 10



ROBERT Report biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv

.8
@ Section D. Feature Importances

This section presents feature importances measured using the validation set.

SHAP analysis of GB_No_PFI 3 SHAP analysis of GB_PFI
nghé nghg
$0-T1 gap s pBeuse '\ + B mesesanepimPans = § g S0-T1 gap ne poass -+ Br maseawnmimPens = g
T T 1 T T T T Low 3 T T T T T T T Low T
-04 02 0.0 02 04 06 08 fH -04 =02 00 0.2 04 06 08 &
SHAP value (impact on model output) SHAP value (impact on model output)
Permutation feature importances (PFls) of GB_No_PFI Permutation feature importances (PFlis) of GB_PFI

S0-T1 gap S0-T1 gap

0.0 01 02 03 04 0.0 01 0.2 03 04
PFI PFl
Pearson's r heatmap_No_PFI Pearson's r heatmap_PFI
S0-T1gap - S0-T1 gap -
| 1
SO0-T1 gap SO0-T1 gap
Correlation analysis Correlation analysis
o Correlations between variables are acceptable o Correlations between variables are acceptable
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(=®
«*) section E. Outlier Analysis

This section detects outliers using the standard deviation (SD) of errors from the training set.

No PFI (standard descriptor filter): PFI (only important descriptors):
Outliers (max. 10 shown) Outliers (max. 10 shown)

Train: 15 outliers out of 295 datapoints (5.1%) Train: 15 outliers out of 295 datapoints (5.1%)
- 2279 (3.1 SDs) - 2279 (3.1 SDs)

- 885 (4.4 SDs) - 885 (4.4 SDs)

- 1007 (5.0 SDs) - 1007 (5.0 SDs)

- 978 (2.6 SDs) - 978 (2.6 SDs)

- 1126 (3.1 SDs) - 1126 (3.1 SDs)

- 207 (2.2 SDs) - 207 (2.2 SDs)

- 223 (2.4 SDs) - 223 (2.4 SDs)

- 889 (2.2 SDs) - 889 (2.2 SDs)

- 1128 (2.1 SDs) - 1128 (2.1 SDs)

- 49 (3.9 SDs) - 49 (3.9 SDs)

Test: 7 outliers out of 74 datapoints (9.5%) Test: 7 outliers out of 74 datapoints (9.5%)
- 888 (3.0 SDs) - 888 (3.0 SDs)

- 884 (5.9 SDs) - 884 (5.9 SDs)

- 872 (2.6 SDs) - 872 (2.6 SDs)

- 891 (2.2 SDs) - 891 (2.2 SDs)

3222 (2.5 SDs)
412 (3.7 SDs)
1483 (4.5 SDs)

3222 (2.5 SDs)
412 (3.7 SDs)
1483 (4.5 SDs)

6 ° 6 .
° °
4 ® 4 ®
/'. /'.
o 27 o 27
g g
@ ®
2 0 2 o
K] K]
? ?
_2 - _2 -
-4 4 -4 4
._6 B ._6 B
T T T T T T T T T T T T T T
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6
SD of the errors SD of the errors
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®
"/ Section F. Model Screening

This section compares different combinations of hyperoptimized algorithms and partition sizes. The combined error is
calculated as the product of the training error, validation error, and cross-validation error.

0.235 0.235
0.230 0.230
0.225 0.225
w w
1] 1)
0220 = 0220 =
(1 4 (14
© ©
g2 F0.215 & 022 F0.215 &
o o
£ £
L0210 3 L0210 3
-0.205 -0.205
-0.200 -0.200
: L +0.195 : L+o0.195
GB GB
ML Model ML Model

L ]
@ Section G. Reproducibility

This section provides all the instructions to reproduce the results presented.

1. Download these files (the authors should have uploaded the files as supporting information!):

- CSV database (biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv)

- External test set (biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv)

2. Install and adjust the versions of the following Python modules:

- Install ROBERT and its dependencies: conda install -y -c conda-forge robert
- Adjust ROBERT version: pip install robert==2.0.2
- scikit-learn-intelex: not installed

(if scikit-learn-intelex is installed, slightly different results might be obtained)

3. Run ROBERT using this command line in the folder with the CSV databases:

python -m robert --csv_name "biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv" --y "S1/T1" --names
"code_name" --csv_test "biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv" --ignore "'HOMO-LUMO
gap', 'HOMO', 'LUMO', 'IP', 'EA', 'Dipole module’, "Total charge', 'Global SASA', 'G solv. in H20', 'G of H-bonds

H20O', 'Fermi-level', 'Total polariz. alpha', "Total FOD', 'Hardness', 'Softness', 'Electrophil. idx’,

'‘Nucleophilicity idx', 'Second IP', 'Second EA', 'MolLogP', 'Electronegativity']" --model "['GB']"

4. Execution time, Python version and OS:
Originally run in Python 3.10.17 using Windows 10.0.22631

Total execution time: 96.13 seconds (the number of processors should be specified by the user)

ROBERT v 2.0.2 Page 6 of 10
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/O;‘,
¢/ Section H. Transparency

This section contains important parameters used in scikit-learn models and ROBERT.

1. Parameters of the scikit-learn models (same keywords as used in scikit-learn):

No PFI (standard descriptor filter): PFI (only important descriptors):

sklearn model: GradientBoostingRegressor sklearn model: GradientBoostingRegressor
n_estimators: 39 n_estimators: 39

learning_rate: 0.2035490101894677 learning_rate: 0.2035490101894677
max_depth: 7 max_depth: 7

min_samples_split: 8 min_samples_split: 8

min_samples_leaf: 3 min_samples_leaf: 3

subsample: 0.754957408602135 subsample: 0.754957408602135
max_features: 0.6898847011075624 max_features: 0.6898847011075624
validation_fraction: 0.10402150923749871 validation_fraction: 0.10402150923749871
min_weight_fraction_leaf: 0.04144700146086816 min_weight_fraction_leaf: 0.04144700146086816
ccp_alpha: 4.695476192547066e-05 ccp_alpha: 4.695476192547066e-05
random_state: 0 random_state: 0

2. ROBERT options, including prediction type (REG or CLAS), folds and repeats used for CV, etc:

No PFI (standard descriptor filter): PFI (only important descriptors):
type: reg type: reg

kfold: 5 kfold: 5

repeat_kfolds: 10 repeat_kfolds: 10

seed: 0 seed: 0

error_type: rmse error_type: rmse

e
o) section I. Abbreviations

Reference section for the abbreviations used.

ACC: accuracy KN: k-nearest neighbors

ADAB: AdaBoost MAE: root-mean-square error

CSV: comma separated values MCC: Matthew's correl. coefficient
CLAS: classification ML: machine learning

CV: cross-validation MVL: multivariate lineal models

F1 score: balanced F-score NN: neural network

GB: gradient boosting PFI: permutation feature importance
GP: gaussian process R2: coefficient of determination

REG: Regression
RF: random forest
RMSE: root mean square error

RND: random

SHAP: Shapley additive explanations

VR: voting regressor

ROBERT v 2.0.2
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(e
‘o Section J. New Predictions

Predictions of the external test set added with the csv_test option.

External test metrics External test metrics

R2 =0.86, MAE = 0.058, RMSE = 0.075 R2 =0.86, MAE = 0.058, RMSE = 0.075
External test predictions (sorted, max. 20 shown) External test predictions (sorted, max. 20 shown)
From /PREDICT/csv_test/...No_PFl.csv From /PREDICT/csv_test/... PFl.csv

|code_name HS1/T1 “S1/T1_predtsd ‘code_name ||s1/T1 HS1IT1_predisd

1853 1247 |[24x004 I 1853 |217 |24 004 }
1099 224 [2.31£0.02 | 1099 |224  [231£002 |
1754 208 [23+0.04 | 1754 |208  [23+0.04 |
|97 212 [227+003 | 097 212 |l227+0.03 |
|2764 213 [2.250.04 | 2764 213 [2.25£0.04 |
399 244 [2.240.04 | 399 |214  [2.24£0.04 |
11769 |201  |l22003 | 11769 |201  |l22003 |
3211 194 |218+0.03 | 3211 l194  [218+0.03 |
|2749 |199  [208+003 | (2749 |19 [208+0.03 |
1123 |204  [2.06+0.06 | 1123 |2.04  ||2.06+0.06 |
3626 144 [1.42001 | 13626 l144  [1.42001 |
3687 142 [1.42001 | 13687 l142  [1.42001 |
|855 1137|139+ 001 | 855 137|139+ 001 |
816 l142  [1.30% 0.01 | 816 |142  [1.39. 0.01 |
3503 |129  [1.39.x0.01 | 13503 l129  [1.39.0.01 |
12007 1145|139+ 001 | 2007 |145  [[1.39+001 |
3765 l14 [1.39x0.01 | 3765 l14 [1:390.01 |
3657 14 [1.39x0.01 | 3657 l14 [1:39£0.01 |
788 113|139+ 001 | 788 l13 |39 001 |
3779 |126  [[1.39.x 0.01 | 13779 l126  [1.39.x0.01 |
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Miscellaneous

General tips to improve the models and instructions to predict new values.

Some general tips to improve the score

1. Adding meaningful datapoints might help to improve the model. Also, using a uniform population of datapoints
across the whole range of y values usually helps to obtain reliable predictions across the whole range. More
information about the range of y values used is available in Section C.

2. Adding meaningful descriptors or replacing/deleting the least useful descriptors used might help. Feature
importances are gathered in Section D.

How to predict new values with these models?

1. Create a CSV database with the new points, including the necessary descriptors.
2. Place the CSV file in the parent folder (i.e., where the module folders were created)
3. Run the PREDICT module as 'python -m robert --predict --csv_test FILENAME.csv'.

4. The predictions will be shown at the end of the resulting PDF report and will be stored in the last column of two
CSYV files called MODEL_SIZE_test(_No)_PFl.csv, which are in the PREDICT folder.

ROBERT v 2.0.2 Page 10 of 10
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)
@ Section A. ROBERT Score

This score is designed to evaluate the models using different metrics.

No PFI (standard descriptor filter) - Score 8
Model = MVL - CV (train+valid.):Test = 80:20
Points(train+validation):descriptors = 295:1

[ | 1 I | I | | 1 I ]

3.00

2754

2.50

2,254

Predicted S1/T1
—_ N
~ (=3
o Q
L 1

1.50

1.25

P ® 10x 5-fold CV
1.004 e

° leslj

T T T T T T T
100 125 150 175 200 225 250 275 3.00
ST

10x 5-fold CV : R? = 0.88, MAE = 0.096, RMSE = 0.13
Test : R = 0.86, MAE = 0.1, RMSE = 0.14

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations

PFI (only important descriptors) - Score 8
Model = MVL - CV (train+valid.):Test = 80:20
Points(train+validation):descriptors = 295:1

[ | 1 | | I | | 1 I ]

3.00

2754

2.50 4 L

N

N

3]
i

2,004

Predicted S1/T1

S
o
L

1.50

1.25
° o 10x 5-fold CV ° teslj
1.004 [

T T T T T T T
100 125 150 175 200 225 250 275 3.00
ST

10x 5-fold CV : R? = 0.88, MAE = 0.096, RMSE = 0.13
Test : R2 = 0.86, MAE = 0.1, RMSE = 0.14

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations
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@

«2) section B. Advanced Score Analysis

This section explains each component that comprises the ROBERT score. More details here.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to O -
Pass: 0, Unclear: -1, Fail: -2.

0.40 A

0.30 1

0.10 4

0.00 -

Model y_mean y_shuffle onehot

==== Limits: 0.17 (pass), 0.15 (unclear) — Pass (estJ

2. CV predictions of the model (2 /2 mmmm)

Scaled RMSE (10x 5-fold CV) = 8.12%.

R? (10x 5-fold CV) = 0.88.

- Scoring from O to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 8.75%.

R? (test set) = 0.86.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.

RMSE in test is 1.08*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to 0 -
Pass: 0, Unclear: -1, Fail: -2.

0.40

0.30 1

RMSE

0.20 A

0.10

0.00 -

Model y_mean y_shuffle onehot

==== Limits: 0.17 (pass), 0.15 (unclear) — Pass (estJ

2. CV predictions of the model (2 /2 mmmm)

Scaled RMSE (10x 5-fold CV) = 8.12%.

R2 (10x 5-fold CV) = 0.88.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 8.75%.

R? (test set) = 0.86.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.
RMSE in test is 1.08*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

ROBERT v 2.0.2
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3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.0 (1% y-range).
- Scoring from 0 to 2 -

4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00

2754

2.50 1

Predicted S1/T1
- N nN
~ [=] N
o o o

1 1 1

1.50 4

1.254

1.004

3d. Extrapolation (sorted CV) (0/2 —1—/)

Scaled RMSEs across 5-fold CV:
[9.37%, 8.12%, 6.25%, 6.87%, 18.75%]
- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.0 (1% y-range).
- Scoring from 0 to 2 -
4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00

2754

2.50 1

N

N

2]
1

2.004

Predicted S1/T1
7
o
L

1.50 4

1.254

1.004

3d. Extrapolation (sorted CV) (0/2 —x—)
Scaled RMSEs across 5-fold CV:

[9.37%, 8.12%, 6.25%, 6.87%, 18.75%]

- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

L
@ Section C. Distribution of y Values

This section shows the distribution of y values within the training and validation sets.

[l
1

|
254 E Q1
1 148 points
i

Q2
110 points

Q3
89 points

Q4
22 points |
1

20

w
1

Frequency

104

1.25 1.50 175 200 225 250 275 3.00
S1/T1 values

y distribution analysis

x WARNING! Your data is not uniform (Q4 has 22 points

while Q1 has 148)
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1 148 points
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Q2
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89 points
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S1/T1 values

y distribution analysis

x WARNING! Your data is not uniform (Q4 has 22 points
while Q1 has 148)
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.8
@ Section D. Feature Importances

This section presents feature importances measured using the validation set.

SHAP analysis of MVL_No_PFI " h_g SHAP analysis of MVL_PFI " h_g
ligh's | igha
$0-T1 gap e @ pve PRI RIG-we 2o0 8o WA 2w - g $0-T1 gap £ 2 T e R g
T T T T T T T Low T T T T T T T T Low 3
06 -04 -02 00 02 04 06 fH -08 04 -02 00 02 04 06 &
SHAP value (impact on model output) SHAP value (impact on model output)
Permutation feature importances (PFls) of MVL_No_PFI Permutation feature importances (PFls) of MVL_PFI
S0-T1 gap S0-T1 gap
0.60 O.E!S 0.“0 0.‘15 0.‘20 0‘25 0.‘30 0.2&5 0. '40 0.60 O.(’)S o“w O."S U.‘ZO Cl.‘25 CI.E!O O.E&ﬁ 0.:10
PFI PFI
Pearson's r heatmap_No_PFI Pearson's r heatmap_PFI
S0-T1 gap - S0-T1 gap -
1 1
SO-T1 gap SO0-T1 gap
Correlation analysis Correlation analysis
o Correlations between variables are acceptable o Correlations between variables are acceptable
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(=®
«*) section E. Outlier Analysis

This section detects outliers using the standard deviation (SD) of errors from the training set.

No PFI (standard descriptor filter):

Outliers (max. 10 shown)

Train: 11 outliers out of 295 datapoints (3.7%)

Test: 5 outliers out of 74 datapoints (6.8%)

2279 (3.5 SDs)
885 (4.4 SDs)
1007 (5.4 SDs)
1130 (2.7 SDs)
978 (2.4 SDs)
1126 (2.8 SDs)
207 (2.4 SDs)
345 (2.5 SDs)
3264 (3.2 SDs)
1362 (2.9 SDs)

888 (4.3 SDs)
884 (4.0 SDs)
890 (2.8 SDs)
1483 (2.1 SDs)
46 (3.0 SDs)

SD of the errors
o
I

-2+

-4 4

-4

-2

T

0
SD of the errors

T

2

PFI (only important descriptors):

Outliers (max. 10 shown)

Train: 11 outliers out of 295 datapoints (3.7%)

Test: 5 outliers out of 74 datapoints (6.8%)

2279 (3.5 SDs)
885 (4.4 SDs)
1007 (5.4 SDs)
1130 (2.7 SDs)
978 (2.4 SDs)
1126 (2.8 SDs)
207 (2.4 SDs)
345 (2.5 SDs)
3264 (3.2 SDs)
1362 (2.9 SDs)

888 (4.3 SDs)
884 (4.0 SDs)
890 (2.8 SDs)
1483 (2.1 SDs)
46 (3.0 SDs)

SD of the errors
o
!

-2+

-4 4

-4

T T T
-2 0 2
SD of the errors
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®
"/ Section F. Model Screening

This section compares different combinations of hyperoptimized algorithms and partition sizes. The combined error is
calculated as the product of the training error, validation error, and cross-validation error.

0.235 0.235
0.230 0.230
- 0.225 - 0.225
w w
2 2
02202 02202
0.22 ? 0.22 B
-0.215 -0.215 €
e} e}
5 5
02100 02100
-0.205 -0.205
-0.200 -0.200
. L2-0.195 z L+0.195
MVL MVL
ML Model ML Model

L ]
@ Section G. Reproducibility

This section provides all the instructions to reproduce the results presented.

1. Download these files (the authors should have uploaded the files as supporting information!):

- CSV database (biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv)

- External test set (biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv)

2. Install and adjust the versions of the following Python modules:

- Install ROBERT and its dependencies: conda install -y -c conda-forge robert
- Adjust ROBERT version: pip install robert==2.0.2
- scikit-learn-intelex: not installed

(if scikit-learn-intelex is installed, slightly different results might be obtained)

3. Run ROBERT using this command line in the folder with the CSV databases:

python -m robert --csv_name "biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv" --y "S1/T1" --names
"code_name" --csv_test "biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv" --ignore "'HOMO-LUMO
gap', 'HOMO', 'LUMO', 'IP', 'EA', 'Dipole module’, "Total charge', 'Global SASA', 'G solv. in H20', 'G of H-bonds

H20', 'Fermi-level', 'Total polariz. alpha’, 'Total FOD', 'Hardness', 'Softness', 'Electronegativity’,

'‘Nucleophilicity idx', 'Second IP', 'Second EA', 'MolLogP"', 'Electrophil. idx']" --model "[MVL""

4. Execution time, Python version and OS:
Originally run in Python 3.10.17 using Windows 10.0.22631

Total execution time: 13.76 seconds (the number of processors should be specified by the user)

ROBERT v 2.0.2 Page 6 of 10
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/O;‘,
¢/ Section H. Transparency

This section contains important parameters used in scikit-learn models and ROBERT.

1. Parameters of the scikit-learn models (same keywords as
No PFI (standard descriptor filter):

sklearn model: LinearRegression

2. ROBERT options, including prediction type (REG or CLAS), folds and repeats used for CV, etc:

No PFI (standard descriptor filter):
type: reg

kfold: 5

repeat_kfolds: 10

seed: 0

error_type: rmse

used in scikit-learn):
PFI (only important descriptors):

sklearn model: LinearRegression

PFI (only important descriptors):
type: reg

kfold: 5

repeat_kfolds: 10

seed: 0

error_type: rmse

A
o?—/ Section I. Abbreviations

Reference section for the abbreviations used.

ACC: accuracy KN: k-nearest neighbors REG: Regression
ADAB: AdaBoost MAE: root-mean-square error RF: random forest
CSV: comma separated values MCC: Matthew's correl. coefficient RMSE: root mean square error
CLAS: classification ML: machine learning RND: random
CV: cross-validation MVL: multivariate lineal models SHAP: Shapley additive explanations
F1 score: balanced F-score NN: neural network VR: voting regressor
GB: gradient boosting PFI: permutation feature importance
GP: gaussian process R2: coefficient of determination
ROBERT v 2.0.2 Page 7 of 10
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(e
‘o Section J. New Predictions

Predictions of the external test set added with the csv_test option.

External test metrics External test metrics

R2 =0.89, MAE = 0.072, RMSE = 0.093 R2 =0.89, MAE = 0.072, RMSE = 0.093
External test predictions (sorted, max. 20 shown) External test predictions (sorted, max. 20 shown)
From /PREDICT/csv_test/...No_PFl.csv From /PREDICT/csv_test/... PFl.csv

|code_name HS1/T1 “S1/T1_predtsd ‘code_name ||s1/T1 HS1IT1_predisd

11754 |208  |225+0.01 I 1754 208 [225+ 001 }
1853 247 [[2.24 % 0.01 | 1853 |247  [2.24 £ 0.01 |
1099 224 [[2.21x0.01 | 1099 |224 |21 0.1 |
|97 212|221+ 001 | 097 212|221 001 |
399 244 |22+ 001 | 399 214 |22+ 001 |
|2764 213 |22+ 001 | 2764 213 [222001 |
11769 201|219+ 001 | 11769 |201  [219+001 |
3211 |194  [[2.18x0.01 | 3211 l194  [218x0.01 |
|2236 192 [[213x0.01 | 2236 l192  [213x0.01 |
1883 l196 |12+ 001 | 1883 l196  [212+001 |
3626 |14 [1.3x001 | 13626 |144  [1.32001 |
3687 l142  [1.20x0.01 | 13687 l142  [1.200.01 |
|855 1137 |[127+001 | 855 |137  [[127+001 |
816 l142  [1.26 £ 0.01 | 816 |142  [1.26 £ 0.01 |
3503 |129  [1.25+0.01 | 13503 l129  [1.25£0.01 |
12007 1145 |[124 2001 | 2007 |145  [[1.242001 |
3765 l14 [1.23x001 | 3765 l14 [1:23x001 |
3657 l14  [1.22x001 | 3657 l14 [122x001 |
13779 l126  |[1.19+001 | 13779 |126  [[1.19+001 |
788 13 [1.18x0.01 | 788 I3 [1.18x0.01 |
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Miscellaneous

General tips to improve the models and instructions to predict new values.

Some general tips to improve the score

1. Adding meaningful datapoints might help to improve the model. Also, using a uniform population of datapoints
across the whole range of y values usually helps to obtain reliable predictions across the whole range. More
information about the range of y values used is available in Section C.

2. Adding meaningful descriptors or replacing/deleting the least useful descriptors used might help. Feature
importances are gathered in Section D.

How to predict new values with these models?

1. Create a CSV database with the new points, including the necessary descriptors.
2. Place the CSV file in the parent folder (i.e., where the module folders were created)
3. Run the PREDICT module as 'python -m robert --predict --csv_test FILENAME.csv'.

4. The predictions will be shown at the end of the resulting PDF report and will be stored in the last column of two
CSYV files called MODEL_SIZE_test(_No)_PFl.csv, which are in the PREDICT folder.

ROBERT v 2.0.2 Page 10 of 10
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)
@ Section A. ROBERT Score

This score is designed to evaluate the models using different metrics.

No PFI (standard descriptor filter) - Score 8
Model = NN - CV (train+valid.):Test = 80:20
Points(train+validation):descriptors = 295:1

[ | 1 I | I | | 1 I ]

3.004

2754

N N
N o
) o
1 1

Predicted S1/T1
N
o
(=]
1

1.754

1.50

e 10x 5-fold CV ® test|

1.25

T T T
1.25 150 175 200 225 250 275 3.00
S1/T1

10x 5-fold CV : R? = 0.92, MAE = 0.078, RMSE = 0.11
Test : R = 0.9, MAE = 0.079, RMSE = 0.12

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations

PFI (only important descriptors) - Score 8
Model = NN - CV (train+valid.):Test = 80:20
Points(train+validation):descriptors = 295:1

2.00 4

Predicted S1/T1

1.754

1.50

e 10x 5-fold CV o test|

1.254

T T T T T
1.25 150 175 200 225 250 275 3.00
S1/T1

10x 5-fold CV : R? = 0.92, MAE = 0.078, RMSE = 0.11
Test : R2 = 0.9, MAE = 0.079, RMSE = 0.12

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations
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@

«2) section B. Advanced Score Analysis

This section explains each component that comprises the ROBERT score. More details here.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to O -
Pass: 0, Unclear: -1, Fail: -2.

0.40

0.30 1

0.10

0.00 -

Model y_mean y_shuffle onehot

==== Limits: 0.14 (pass), 0.12 (unclear) —» Pass (estJ

2. CV predictions of the model (2 /2 mmmm)
Scaled RMSE (10x 5-fold CV) = 6.87%.

RZ (10x 5-fold CV) = 0.92.

- Scoring from O to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 7.5%.

R? (test set) = 0.9.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.

RMSE in test is 1.09*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to 0 -
Pass: 0, Unclear: -1, Fail: -2.

0.40

0.30 1

0.10

0.00 -

Model y_mean y_shuffle onehot

==== Limits: 0.14 (pass), 0.12 (unclear) —» Pass (estJ

2. CV predictions of the model (2 /2 mmmm)
Scaled RMSE (10x 5-fold CV) = 6.87%.

R2 (10x 5-fold CV) = 0.92.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 7.5%.

R? (test set) = 0.9.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.
RMSE in test is 1.09*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

ROBERT v 2.0.2
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3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.0 (2% y-range).
- Scoring from 0 to 2 -

4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00 4

2754

2.50

N

N

3]
1

Predicted S1/T1

3d. Extrapolation (sorted CV) (0/2 —1—/)
Scaled RMSEs across 5-fold CV:

[10.0%, 6.25%, 6.25%, 10.0%, 13.75%]

- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.0 (2% y-range).
- Scoring from 0 to 2 -
4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00 4

2754

2.50

N

N

3]
1

Predicted S1/T1

3d. Extrapolation (sorted CV) (0/2 —x—)
Scaled RMSEs across 5-fold CV:

[10.0%, 6.25%, 6.25%, 10.0%, 13.75%]

- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

L
@ Section C. Distribution of y Values

This section shows the distribution of y values within the training and validation sets.

PLE ;

Leyl Q2

110 points

Q3
89 points

Q4
22 points |
1

1 148 points
i

20

w
1

Frequency

104

1.25 1.50 175 200 225 250 275 3.00
S1/T1 values

y distribution analysis

x WARNING! Your data is not uniform (Q4 has 22 points

while Q1 has 148)

' ' ' ' '
21 0 a1 @ i@ 1 Qs i
| 148points | 110points | 83points | 22points |
i i i i H
\ ' |
20
oy
c 154
o
=)
=3
o
w
104
54
04

1.25 1.50 175 200 225 250 275 3.00
S1/T1 values

y distribution analysis

x WARNING! Your data is not uniform (Q4 has 22 points
while Q1 has 148)
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.8
@ Section D. Feature Importances

This section presents feature importances measured using the validation set.

SHAP analysis of NN_No_PFI| ]

| ngh‘g’

S0-T1 gap W'T'... @A ) e - 2
T T T T T T T Low 'g:

-04 02 00 02 04 06 08 [

SHAP value (impact on model output)

Permutation feature importances (PFls) of NN_No_PFI

S0-T1 gap

F T T T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30 035 0.40
PFI

Pearson's r heatmap_No_PFI

S0-T1gap -

|
SO0-T1 gap

Correlation analysis

o Correlations between variables are acceptable

SHAP analysis of NN_PFI

2
E]
ngh'§
$0-T1 gap M’“-h“-.‘-'--'

T T T T T T T Low
-0.4 -0.2 0.0 0.2 04 06 08
SHAP value (impact on model output)

Feature

Permutation feature importances (PFls) of NN_PFI

S0-T1 gap

r T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 040

Pearson's r heatmap_PFI

S0-T1 gap -

1
SO0-T1 gap

Correlation analysis

o Correlations between variables are acceptable
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(=®
«*) section E. Outlier Analysis

This section detects outliers using the standard deviation (SD) of errors from the training set.

No PFI (standard descriptor filter):

Outliers (max. 10 shown)

Train: 13 outliers out of 295 datapoints (4.4%)
- 2279 (2.8 SDs)

- 885 (4.7 SDs)

- 1007 (6.3 SDs)

- 978 (2.2 SDs)

- 1126 (3.1 SDs)

- 207 (2.9 SDs)

- 889 (2.0 SDs)

- 49 (2.6 SDs)

- 1006 (2.4 SDs)
- 345 (3.6 SDs)
Test: 5 outliers out of 74 datapoints (6.8%)
- 888 (4.6 SDs)
- 884 (4.4 SDs)
(
(

- 890

2.8 SDs)
891 (2.3 SDs)
1483 (3.6 SDs)

SD of the errors
o
I

-4 -

T

0
SD of the errors

T

2

o

PFI (only important descriptors):

Outliers (max. 10 shown)

Train: 13 outliers out of 295 datapoints (4.4%)

2279 (2.8 SDs)
885 (4.7 SDs)
1007 (6.3 SDs)
978 (2.2 SDs)
1126 (3.1 SDs)
207 (2.9 SDs)
889 (2.0 SDs)
49 (2.6 SDs)
1006 (2.4 SDs)
345 (3.6 SDs)

Test: 5 outliers out of 74 datapoints (6.8%)

888 (4.6 SDs)
884 (4.4 SDs)
890 (2.8 SDs)
891 (2.3 SDs)
1483 (3.6 SDs)

SD of the errors
o
!

-4 -

-6

T T T T T
-6 -4 -2 0 2 4
SD of the errors

o
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@
@Ej Section F. Model Screening
This section compares different combinations of hyperoptimized algorithms and partition sizes. The combined error is

calculated as the product of the training error, validation error, and cross-validation error.

8 8
o o
= =
o o
0.22 0.22 0.22 0.16 0.22 3 0.22 0.22 9.3 0.22 0.16 0.22 2
{= o
5 =
o o
Q Q
o o

-2 -2

T T T o T T T T T o
ADAB GB GP MVL NN RF ADAB GB GP MVL NN RF
ML Model ML Model

L ]
@ Section G. Reproducibility

This section provides all the instructions to reproduce the results presented.

1. Download these files (the authors should have uploaded the files as supporting information!):

- CSV database (biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv)

- External test set (biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv)

2. Install and adjust the versions of the following Python modules:
- Install ROBERT and its dependencies: conda install -y -c conda-forge robert
- Adjust ROBERT version: pip install robert==2.0.2

- scikit-learn-intelex: not installed

(if scikit-learn-intelex is installed, slightly different results might be obtained)

3. Run ROBERT using this command line in the folder with the CSV databases:

python -m robert --csv_name "biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv" --y "S1/T1" --names
"code_name" --csv_test "biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv" --ignore "'HOMO-LUMO
gap', 'LUMQ', 'IP', 'HOMO', 'EA', 'Global SASA', 'G solv. in H20', 'Fermi-level', 'G of H-bonds H2QO', 'Total polariz.

alpha', "Total FOD', 'Total charge', 'Dipole module', 'Hardness', 'Softness', 'Electrophil. idx', 'Nucleophilicity

idx', 'Second IP', 'Second EA', 'MolLogP", 'Electronegativity']" --model "['AdaB','GB','GP','MVL','NN','/RF']"

4. Execution time, Python version and OS:
Originally run in Python 3.10.17 using Windows 10.0.22631

Total execution time: 355.22 seconds (the number of processors should be specified by the user)

ROBERT v 2.0.2 Page 6 of 10
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/O;‘,
¢/ Section H. Transparency

This section contains important parameters used in scikit-learn models and ROBERT.

1. Parameters of the scikit-learn models (same keywords as used in scikit-learn):

No PFI (standard descriptor filter):

sklearn model: MLPRegressor
hidden_layer_1:7
hidden_layer_2: 1

max_iter: 483

alpha: 0.056966348957506456
tol: 4.7319574599147124e-05
random_state: 0

solver: Ibfgs

PFI (only important descriptors):

sklearn model: MLPRegressor

hidden_layer_1:7

hidden_layer_2: 1

max_iter: 483

alpha: 0.056966348957506456
tol: 4.7319574599147124e-05

random_state: 0

solver: Ibfgs

2. ROBERT options, including prediction type (REG or CLAS), folds and repeats used for CV, etc:

No PFI (standard descriptor filter):
type: reg

kfold: 5

repeat_kfolds: 10

seed: 0

error_type: rmse

PFI (only important descriptors):

type: reg
kfold: 5

repeat_kfolds: 10

seed: 0

error_type: rmse

(@)

./ Section I. Abbreviations

Reference section for the abbreviations used.

ACC: accuracy

ADAB: AdaBoost

CSV: comma separated values
CLAS: classification

CV: cross-validation

F1 score: balanced F-score
GB: gradient boosting

GP: gaussian process

KN: k-nearest neighbors

MAE: root-mean-square error

MCC: Matthew's correl. coefficient
ML: machine learning

MVL: multivariate lineal models

NN: neural network

PFI: permutation feature importance

R2: coefficient of determination

REG: Regression

RF: random forest

RMSE: root mean square error

RND: random

SHAP: Shapley additive explanations

VR: voting regressor

ROBERT v 2.0.2
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(e
‘o Section J. New Predictions

Predictions of the external test set added with the csv_test option.

External test metrics External test metrics

R2 =0.88, MAE = 0.056, RMSE = 0.069 R2 =0.88, MAE = 0.056, RMSE = 0.069
External test predictions (sorted, max. 20 shown) External test predictions (sorted, max. 20 shown)
From /PREDICT/csv_test/...No_PFl.csv From /PREDICT/csv_test/... PFl.csv

|code_name HS1/T1 “S1/T1_predtsd ‘code_name ||s1/T1 HS1IT1_predisd

11754 |2.08 |28+ 001 I 1754 |208 |28+ 001 }
1853 247|226 £0.02 | 1853 217|226 £0.02 |
1099 224 [221£0.02 | 1099 |224  [221£002 |
|97 212|221+ 001 | 097 212|221 001 |
399 |244  [[2.21x0.01 | 399 |214 |21 0.01 |
|2764 213 |22+ 001 | 2764 213 [222001 |
11769 201|219+ 001 | 11769 |201  [219+001 |
3211 l194  [[247 0,01 | 3211 l194  [247 0.1 |
|2236 192 [21£001 | 2236 |19z [212001 |
1883 l1.96  |2.08+0.01 | 1883 |196  [2.08+0.01 |
3626 |144  [1.41 20,01 | 13626 |144  [1.41 2001 |
3687 l142  [1.41 2001 | 13687 l142  [1.41 2001 |
|855 1137 |[142001 | 855 |137  [[14x001 |
816 l142  [1.30% 0.01 | 816 |142  [1.39. 0.01 |
3503 |129  [1.39.x0.01 | 13503 l129  [1.39.0.01 |
12007 l145 |38+ 001 | 2007 |145  [[1.38+001 |
3765 |14 [1.38x0.01 | 3765 |14 [1:38 001 |
3657 l14 [1.37 001 | 3657 l14 [1:37 001 |
13779 l126  |[135+001 | 13779 l126  [[135+001 |
788 l13 [1:35x0.01 | 788 I3 [1:350.01 |
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Miscellaneous

General tips to improve the models and instructions to predict new values.

Some general tips to improve the score

1. Adding meaningful datapoints might help to improve the model. Also, using a uniform population of datapoints
across the whole range of y values usually helps to obtain reliable predictions across the whole range. More
information about the range of y values used is available in Section C.

2. Adding meaningful descriptors or replacing/deleting the least useful descriptors used might help. Feature
importances are gathered in Section D.

How to predict new values with these models?

1. Create a CSV database with the new points, including the necessary descriptors.
2. Place the CSV file in the parent folder (i.e., where the module folders were created)
3. Run the PREDICT module as 'python -m robert --predict --csv_test FILENAME.csv'.

4. The predictions will be shown at the end of the resulting PDF report and will be stored in the last column of two
CSYV files called MODEL_SIZE_test(_No)_PFl.csv, which are in the PREDICT folder.

ROBERT v 2.0.2 Page 10 of 10
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)
@ Section A. ROBERT Score

This score is designed to evaluate the models using different metrics.

No PFI (standard descriptor filter) - Score 8
Model = RF - CV (train+valid.):Test = 80:20
Points(train+validation):descriptors = 295:1

[ | 1 I | I | | 1 I ]

3.004

2754

N N
N o
) o
1 1

Predicted S1/T1
N
o
(=]
1

1.754

1.50

1 =
1.254 e 10x 5-fold CV o test |

T T T
1.25 150 175 200 225 250 275 3.00
S1/T1

10x 5-fold CV : R? = 0.91, MAE = 0.081, RMSE = 0.11
Test : R2 = 0.91, MAE = 0.077, RMSE = 0.11

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations

PFI (only important descriptors) - Score 8
Model = RF - CV (train+valid.):Test = 80:20
Points(train+validation):descriptors = 295:1

2.00 4

Predicted S1/T1

1.754

1.50

1 -1
1.254 e 10x 5-fold CV o test |

T T T T T
1.25 150 175 200 225 250 275 3.00
S1/T1

10x 5-fold CV : R? = 0.91, MAE = 0.081, RMSE = 0.11
Test : R2 = 0.91, MAE = 0.077, RMSE = 0.11

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations
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-9
C@/ Section B. Advanced Score Analysis

This section explains each component that comprises the ROBERT score. More details here.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to O -
Pass: 0, Unclear: -1, Fail: -2.

0.40 A

0.30

RMSE

0.20 1

0.10

0.00 -

Model y_mean y_shuffle onehot

==== Limits: 0.14 (pass), 0.13 (unclear) —» Pass lestJ

2. CV predictions of the model (2 /2 mmmm)
Scaled RMSE (10x 5-fold CV) = 6.87%.

RZ (10x 5-fold CV) = 0.91.

- Scoring from O to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 6.87%.

R? (test set) = 0.91.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.

RMSE in test is 1.0*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to 0 -
Pass: 0, Unclear: -1, Fail: -2.

0.40 A

0.30

RMSE

0.20

0.10

0.00 -

Model y_mean y_shuffle onehot

==== Limits: 0.14 (pass), 0.13 (unclear) —» Pass (estJ

2. CV predictions of the model (2 /2 mmmm)

Scaled RMSE (10x 5-fold CV) = 6.87%.

R2 (10x 5-fold CV) = 0.91.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 6.87%.

R? (test set) = 0.91.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.
RMSE in test is 1.0*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.
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3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.1 (3% y-range).
- Scoring from 0 to 2 -

4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00 4

2754

2.50

N

N

3]
1

Predicted S1/T1

3d. Extrapolation (sorted CV) (0/2 —1—/)

Scaled RMSEs across 5-fold CV:
[11.25%, 6.87%, 8.75%, 13.12%, 20.62%]
- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.1 (3% y-range).
- Scoring from 0 to 2 -
4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

3.00 4

2754

2.50

N

N

3]
1

Predicted S1/T1

3d. Extrapolation (sorted CV) (0/2 —x—)
Scaled RMSEs across 5-fold CV:

[11.25%, 6.87%, 8.75%, 13.12%, 20.62%]

- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

L
@ Section C. Distribution of y Values

This section shows the distribution of y values within the training and validation sets.

PLE ;

Leyl Q2

110 points

Q3
89 points

Q4
22 points |
1

1 148 points
i

20

w
1

Frequency

104

1.25 1.50 175 200 225 250 275 3.00
S1/T1 values

y distribution analysis

x WARNING! Your data is not uniform (Q4 has 22 points

while Q1 has 148)

' ' ' ' '
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i i i i H
\ ' |
20
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o
=)
=3
o
w
104
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1.25 1.50 175 200 225 250 275 3.00
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y distribution analysis

x WARNING! Your data is not uniform (Q4 has 22 points
while Q1 has 148)
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@ Section D. Feature Importances

This section presents feature importances measured using the validation set.

SHAP analysis of RF_No_PFI

$0-T1 gap D e o I +.— — . — o o =
T

04 -C;J OYD D"I OTA 08
SHAP value (impact on model output)

Permutation feature importances (PFis) of RF_No_PFI

3
T Low 3
“w

S0-T1 gap

T T T T T T
0.00 0.05 010 015 0.20 0.25 0.30 0.35 040

Pearson's r heatmap_No_PFI

S0-T1gap -

|
SO0-T1 gap

Correlation analysis

o Correlations between variables are acceptable

SHAP analysis of RF_PFI 3

ngh'§

$0-T1 gap L o T +.— e — - v — g
T T T T T T Low ’g

-0.4 -02 0.0 02 0.4 08 &

SHAP value (impact on model output)

Permutation feature importances (PFls) of RF_PFI

S0-T1 gap

r T T T T T T T T
0.00 0.05 010 0.15 0.20 025 0.30 0.35 040

Pearson's r heatmap_PFI

S0-T1 gap -

1
SO0-T1 gap

Correlation analysis

o Correlations between variables are acceptable
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(=®
«*) section E. Outlier Analysis

This section detects outliers using the standard deviation (SD) of errors from the training set.

No PFI (standard descriptor filter):

Outliers (max. 10 shown)

Train: 13 outliers out of 295 datapoints (4.4%)
- 2279 (4.1 SDs)

- 885 (4.5 SDs)

- 1007 (5.7 SDs)

- 1130 (2.3 SDs)

- 2767 (2.1 SDs)

- 978 (2.2 SDs)

- 1126 (3.1 SDs)

- 207 (2.3 SDs)

- 49 (3.1 SDs)

- 1006 (2.2 SDs)

Test: 4 outliers out of 74 datapoints (5.4%)
- 888 (4.0 SDs)

- 884 (4.4 SDs)

- 890 (2.4 SDs)

1483 (3.8 SDs)

SD of the errors
o )
I !

U
N
'

-4

-6

T T T T T T
-6 -4 -2 0 2 4
SD of the errors

PFI (only important descriptors):

Outliers (max. 10 shown)

Train: 13 outliers out of 295 datapoints (4.4%)
- 2279 (4.1 SDs)

- 885 (4.5 SDs)

- 1007 (5.7 SDs)

- 1130 (2.3 SDs)

- 2767 (2.1 SDs)

- 978 (2.2 SDs)

- 1126 (3.1 SDs)

- 207 (2.3 SDs)

- 49 (3.1 SDs)

- 1006 (2.2 SDs)

Test: 4 outliers out of 74 datapoints (5.4%)
- 888 (4.0 SDs)

- 884 (4.4 SDs)

- 890 (2.4 SDs)

- 1483 (3.8 SDs)

SD of the errors
o
I

-4

-6

T T T T T T
-6 -4 -2 0 2 4
SD of the errors
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®
"/ Section F. Model Screening

This section compares different combinations of hyperoptimized algorithms and partition sizes. The combined error is
calculated as the product of the training error, validation error, and cross-validation error.

0.240 0.240
0.235 0.235
0.230 0.230
- w - w
0.225 Y 0.225 Y
= =
Lo220% -0.220
0.22 ? 0.22 B
c c
L0215 8 L0215 8
Q Q
O (5
-0.210 -0.210
-0.205 -0.205
- 0.200 -0.200
T a T e
RF RF
ML Model ML Model

L ]
@ Section G. Reproducibility

This section provides all the instructions to reproduce the results presented.

1. Download these files (the authors should have uploaded the files as supporting information!):
- CSV database (biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv)

- External test set (biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv)

2. Install and adjust the versions of the following Python modules:

- Install ROBERT and its dependencies: conda install -y -c conda-forge robert
- Adjust ROBERT version: pip install robert==2.0.2
- scikit-learn-intelex: not installed

(if scikit-learn-intelex is installed, slightly different results might be obtained)

3. Run ROBERT using this command line in the folder with the CSV databases:

python -m robert --csv_name "biphenylenes_gen_6_round_2_QDESCP_interpret_descriptors.csv" --y "S1/T1" --names
"code_name" --csv_test "biphenylenes_gen_6_round_2_test_set QDESCP_interpret_descriptors.csv" --ignore "'HOMO-LUMO
gap', 'HOMO', 'LUMO', 'IP', 'EA', 'Dipole module’, "Total charge', 'Global SASA', 'G solv. in H20', 'G of H-bonds

H20', 'Fermi-level', 'Total polariz. alpha’, 'Total FOD', 'Hardness', 'Softness', 'Electronegativity’, 'Electrophil.

idx', 'Nucleophilicity idx', 'Second IP', 'Second EA', 'MolLogP']" --model "['RF""

4. Execution time, Python version and OS:
Originally run in Python 3.10.17 using Windows 10.0.22631

Total execution time: 190.63 seconds (the number of processors should be specified by the user)

ROBERT v 2.0.2 Page 6 of 10
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/O;‘,
¢/ Section H. Transparency

This section contains important parameters used in scikit-learn models and ROBERT.

1. Parameters of the scikit-learn models (same keywords as used in scikit-learn):

No PFI (standard descriptor filter): PFI (only important descriptors):
sklearn model: RandomForestRegressor sklearn model: RandomForestRegressor
n_estimators: 97 n_estimators: 97

max_depth: 11 max_depth: 11

min_samples_split: 8 min_samples_split: 8

min_samples_leaf: 4 min_samples_leaf: 4
min_weight_fraction_leaf: 0.028402228054696617 min_weight_fraction_leaf: 0.028402228054696617
max_features: 0.9441974787194958 max_features: 0.9441974787194958
ccp_alpha: 0.0007103605819788694 ccp_alpha: 0.0007103605819788694
max_samples: 0.31534697477615553 max_samples: 0.31534697477615553
random_state: 0 random_state: 0

2. ROBERT options, including prediction type (REG or CLAS), folds and repeats used for CV, etc:

No PFI (standard descriptor filter): PFI (only important descriptors):
type: reg type: reg

kfold: 5 kfold: 5

repeat_kfolds: 10 repeat_kfolds: 10

seed: 0 seed: 0

error_type: rmse error_type: rmse

"Vu 1
o/ Section |. Abbreviations

Reference section for the abbreviations used.

ACC: accuracy KN: k-nearest neighbors REG: Regression

ADAB: AdaBoost MAE: root-mean-square error RF: random forest

CSV: comma separated values MCC: Matthew's correl. coefficient RMSE: root mean square error
CLAS: classification ML: machine learning RND: random

CV: cross-validation MVL: multivariate lineal models SHAP: Shapley additive explanations
F1 score: balanced F-score NN: neural network VR: voting regressor

GB: gradient boosting PFI: permutation feature importance

GP: gaussian process R2: coefficient of determination

ROBERT v 2.0.2 Page 7 of 10
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(e
‘o Section J. New Predictions

Predictions of the external test set added with the csv_test option.

External test metrics External test metrics

R2 =0.86, MAE = 0.058, RMSE = 0.074 R2 =0.86, MAE = 0.058, RMSE = 0.074
External test predictions (sorted, max. 20 shown) External test predictions (sorted, max. 20 shown)
From /PREDICT/csv_test/...No_PFl.csv From /PREDICT/csv_test/... PFl.csv

|code_name HS1/T1 “S1/T1_predtsd ‘code_name ||s1/T1 HS1IT1_predisd

1853 217 [231x002 I 1853 217 |l2312002 }
1754 |20 [2.31+0.02 | 1754 |208  [2:31£0.02 |
1099 224|226 £0.02 | 1099 |22 [226£0.02 |
|97 212 [225+002 | 097 212 |l225+ 002 |
399 214|224 £0.02 | 399 214|224 £0.02 |
|2764 213 [[2.24x0.01 | 2764 |213 |24 0.01 |
11769 |201  [223:002 | 11769 201 |l223+002 |
3211 194 [222+0.02 | 3211 l194  [222+002 |
|2236 l192  [213£0.02 | 2236 l192  [213£002 |
1883 |19 [2.1+0.02 | 1883 196 |l21£002 |
3626 144 [1.4220.01 | 13626 |144  [1.4220.01 |
3687 l142  [1.42x0.01 | 13687 l142  [1.42£0.01 |
|855 1137 |[142001 | 855 137|142 001 |
|2007 145 [1.42x0.01 | 2007 l145  [1.4220.01 |
816 l142  [1.4220.01 | 816 l142  [1.42x0.01 |
13765 l14 |[1422001 | 13765 l14 [[142001 |
3657 |14 [1.422001 | 3657 l14 [1.422001 |
788 13 [1.42x001 | 788 l13 [142x001 |
13503 |129 |42+ 001 | 13503 |129  [[1.42001 |
3779 |126  [1.42x0.01 | 13779 |126  [1.42£0.01 |

ROBERT v 2.0.2 Page 8 of 10
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Miscellaneous

General tips to improve the models and instructions to predict new values.

Some general tips to improve the score

1. Adding meaningful datapoints might help to improve the model. Also, using a uniform population of datapoints
across the whole range of y values usually helps to obtain reliable predictions across the whole range. More
information about the range of y values used is available in Section C.

2. Adding meaningful descriptors or replacing/deleting the least useful descriptors used might help. Feature
importances are gathered in Section D.

How to predict new values with these models?

1. Create a CSV database with the new points, including the necessary descriptors.
2. Place the CSV file in the parent folder (i.e., where the module folders were created)
3. Run the PREDICT module as 'python -m robert --predict --csv_test FILENAME.csv'.

4. The predictions will be shown at the end of the resulting PDF report and will be stored in the last column of two
CSYV files called MODEL_SIZE_test(_No)_PFl.csv, which are in the PREDICT folder.

ROBERT v 2.0.2 Page 10 of 10
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ROBERT v 2.0.2 2026/01/08 10:23:26

-z ROBERT

AUTOMATED ML PROTOCOLS

How to cite: Dalmau, D.; Alegre Requena, J. V. WIREs Comput Mol Sci. 2024, 14, e1733.

)
@ Section A. ROBERT Score

This score is designed to evaluate the models using different metrics.

No PFI (standard descriptor filter) - Score 9
Model = NN - CV (train+valid.):Test = 80:20
Points(train+validation):.descriptors = 312:3
. |

STRONG

2.1

2.04

Predicted S1/T1

@ 10x 5-fold CV o test

T T T T
1.5 16 1.7 1.8 1.9 20 21
S1T1

10x 5-fold CV : R? = 0.81, MAE = 0.042, RMSE = 0.055
Test : R? = 0.82, MAE = 0.043, RMSE = 0.054

Severe warnings

No severe warnings detected

Moderate warnings
Uneven y distribution (Section C)

Potential "faulty" outliers (Section E)

Overall assessment

The model seems reliable

PFI (only important descriptors) - Score 7
Model = MVL - CV (train+valid.):Test = 80:20
Points(train+validation):descriptors = 312:1

NN
o -
1 1

-
©
1

Predicted S1/T1

@ 10x 5-fold CV ® test

T T T T
1.5 16 1.7 1.8 1.9 20 21
S1T1

10x 5-fold CV : R? = 0.76, MAE = 0.046, RMSE = 0.061
Test : R? = 0.75, MAE = 0.048, RMSE = 0.063

Severe warnings

No severe warnings detected

Moderate warnings

Uneven y distribution (Section C)

Overall assessment

Decent model, but it has limitations

ROBERT v 2.0.2

Page 1 of 8



ROBERT Report

dbptrans_gen_6_QDESCP_interpret_descriptors.csv

@

«2) section B. Advanced Score Analysis

This section explains each component that comprises the ROBERT score. More details here.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to O -
Pass: 0, Unclear: -1, Fail: -2.

0.04 4

0.02

0.00 -

Model y_mean y_shuffie onehot

====Limits: 0.071 (pass), 0.063 (unclear) - Pass tele

2. CV predictions of the model (2 /2 mmmm)

Scaled RMSE (10x 5-fold CV) = 9.02%.

RZ (10x 5-fold CV) = 0.81.

- Scoring from O to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (2 /2 )

Scaled RMSE (test set) = 8.85%.

R? (test set) = 0.82.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.

RMSE in test is 0.98*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

1. Model vs "flawed" models (0/0)

The model predicts right for the right reasons.
- Scoring from -6 to 0 -

Pass: 0, Unclear: -1, Fail: -2.

pass pass pass

Model y_mean y_shuffie onehot

====- Limits: 0.08 (pass), 0.071 {(unclear) - Pass tele

2. CV predictions of the model (2 /2 mmmm)
Scaled RMSE (10x 5-fold CV) = 10.0%.

R2 (10x 5-fold CV) = 0.76.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3. Predictive ability & overfitting

3a. Predictions test set (1/2 —x—)

Scaled RMSE (test set) = 10.33%.

R? (test set) = 0.75.

- Scoring from 0 to 2 -

Scaled RMSE < 10%: +2, Scaled RMSE < 20%: +1.
R?<0.5:-2,R?<0.7: -1

3b. Prediction accuracy test vs CV (2 /2 )

Relative differences in values from sections 2 and 3a.
RMSE in test is 1.03*scaled RMSE (CV).

- Scoring from O to 2 -

Scaled RMSE (test) < 1.25*scaled RMSE (CV): +2.
Scaled RMSE (test) < 1.50*scaled RMSE (CV): +1.

ROBERT v 2.0.2
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3c. Avg. standard deviation (SD) (2 /2 )

Low variation, 4*SD = 0.0 (4% y-range).
- Scoring from 0 to 2 -
4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

2149

2.04

Predicted S1/T1

@ test | £+SD

T T T T T T T
1.5 16 1.7 1.8 1.9 20 21
S1/T1

3d. Extrapolation (sorted CV) (1/2 =—1—/])
Scaled RMSEs across 5-fold CV:

[14.75%, 8.2%, 9.84%, 9.84%, 16.39%]

- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

3c. Avg. standard deviation (SD) (2 /2 )
Low variation, 4*SD = 0.0 (0% y-range).

- Scoring from 0 to 2 -

4*SD < 25% y-range: +2, 4*SD < 50% y-range: +1.

2149

2.04

Predicted S1/T1

@ test [ £+SD

T T T T T T T

1.5 16 1.7 1.8 1.9 20 21
S1/T1

3d. Extrapolation (sorted CV) (0/2 —x—)
Scaled RMSEs across 5-fold CV:

[14.75%, 11.48%, 9.84%, 6.56%, 18.03%]

- Scoring from O to 2 -

Every two folds with RMSEs < 1.25*min RMSE: +1.

L
@ Section C. Distribution of y Values

This section shows the distribution of y values within the training and validation sets.

i

o

20 4 i 85 points
{

Q2
170 points

Q3

Q4 !
102 points 33 points ¢
1

Frequency

1.5 1.6 17 18 1.9 20 21
S1/T1 values

y distribution analysis

'
1
@

' Q2
20 4 i 85 points
i
i

170 points

Q3
102 points

Q4
33 points |
1

Frequency

15 1.6 17 18 1.9 2.0 241
S1/T1 values

y distribution analysis

x WARNING! Your data is not uniform (Q4 has 33 points
while Q2 has 170)

x WARNING! Your data is not uniform (Q4 has 33 points
while Q2 has 170)
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@ Section D. Feature Importances

This section presents feature importances measured using the validation set.

SHAP analysis of NN_No_PFI

High g

S0-T1 gap ¢ P G o A e 1 —g
Second EA +— 4
Electronegativity "‘- EE
Low'

T T T T T T
-0.2 =01 00 01 02 03
SHAP value (impact on model output)

Permutation feature importances (PFls) of NN_No_PFI

S0-T1gap

Second EA

Electronegativity

S0-T1 gap

Pearson’s r heatmap_No_PFI

Electronegativity -

Second EA - -0.052

S0-T1gap- -0.29

. 1 | '
Electronegativity Second EA S0-T1 gap

Correlation analysis

o Correlations between variables are acceptable

SHAP analysis of MVL_PFI 3

ngh§

S0-T1 gap praesy o—oiis 2
T T T T T T Low ‘g

-02 -0.1 00 01 02 03 &

SHAP value (impact on model output)

Permutation feature importances (PFls) of MVL_PFI

r T T T T T
0.00 0.02 0.04 0.06 008 0.10
PFI

Pearson's r heatmap_PFI

S0-T1 gap -

1
S0-T1 gap

Correlation analysis

o Correlations between variables are acceptable
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(=®
«*) section E. Outlier Analysis

This section detects outliers using the standard deviation (SD) of errors from the training set.

No PFI (standard descriptor filter):

Outliers (max. 10 shown)

Train: 10 outliers out of 312 datapoints (3.2%)

Test: 3 outliers out of 78 datapoints (3.8%)

2947 (2.2 SDs)
2929 (2.2 SDs)
1448 (3.4 SDs)
1289 (2.1 SDs)
)
)
)
)

5876 (6.7 SDs
6237 (2.8 SDs
1412 (2.4 SDs
310 (4.6 SDs)

6693 (3.7 SDs)

(
(
(
7224 (4.5 SDs
(
(

5904 (2.0 SDs)
7104 (2.5 SDs)
6413 (3.7 SDs)

SD of the errors
o
I

SD of the errors

PFI (only important descriptors):

Outliers (max. 10 shown)

Train: 16 outliers out of 312 datapoints (5.1%)

1838 (2.4 SDs)
2929 (2.0 SDs)
612 (2.2 SDs)

609 (2.0 SDs)

1448 (2.0 SDs)
5531 (2.6 SDs)
5575 (2.1 SDs)
7224 (4.4 SDs)
5259 (2.1 SDs)
7159 (2.6 SDs)

Test: 3 outliers out of 78 datapoints (3.8%)

7535 (2.2 SDs)
7104 (3.4 SDs)
6413 (4.0 SDs)

SD of the errors
o
I

-4

SD of the errors
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L
@ Section F. Model Screening

This section compares different combinations of hyperoptimized algorithms and partition sizes. The combined error is
calculated as the product of the training error, validation error, and cross-validation error.

0.120 ? 0.115
0.115
0.110
0.110
0.105% 0.105%
= i =
['4 (*4
0.079 0.085 - 0100@ 0.12 01 0.088 0.088 §
£ F0.100 &
-0.095 § E
(&) o
-0.090 ~0.095
0.085
r-0.080
, -0.080 : )|
T T = T T T =
GB NN MVL RF GB NN MVL
ML Model ML Model

L ]
@ Section G. Reproducibility

This section provides all the instructions to reproduce the results presented.

1. Download these files (the authors should have uploaded the files as supporting information!):

- CSV database (dbptrans_gen_6_QDESCP_interpret_descriptors.csv)

2. Install and adjust the versions of the following Python modules:

- Install ROBERT and its dependencies: conda install -y -c conda-forge robert
- Adjust ROBERT version: pip install robert==2.0.2
- scikit-learn-intelex: not installed

(if scikit-learn-intelex is installed, slightly different results might be obtained)

3. Run ROBERT using this command line in the folder with the CSV database:

python -m robert --csv_name "dbptrans_gen_6_QDESCP_interpret_descriptors.csv" --y "S1/T1" --names "code_name"
--ignore "['Dipole module', 'G of H-bonds H2O', 'MolLogP']"

4. Execution time, Python version and OS:
Originally run in Python 3.10.18 using Windows 10.0.26200

Total execution time: 289.5 seconds (the number of processors should be specified by the user)

ROBERT v 2.0.2 Page 6 of 8
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/O;‘,
¢/ Section H. Transparency

This section contains important parameters used in scikit-learn models and ROBERT.

1. Parameters of the scikit-learn models (same keywords as
No PFI (standard descriptor filter):

sklearn model: MLPRegressor
hidden_layer_1: 2
hidden_layer_2: 0

max_iter: 450

alpha: 0.08003410758548654
tol: 8.830109334221373e-05
random_state: 0

solver: Ibfgs

No PFI (standard descriptor filter):
type: reg

kfold: 5

repeat_kfolds: 10

seed: 0

error_type: rmse

used in scikit-learn):
PFI (only important descriptors):

sklearn model: LinearRegression

. ROBERT options, including prediction type (REG or CLAS), folds and repeats used for CV, etc:

PFI (only important descriptors):
type: reg

kfold: 5

repeat_kfolds: 10

seed: 0

error_type: rmse

(@)

./ Section I. Abbreviations

Reference section for the abbreviations used.

ACC: accuracy
ADAB: AdaBoost

KN: k-nearest neighbors
MAE: root-mean-square
CSV: comma separated values
CLAS: classification ML: machine learning
CV: cross-validation

F1 score: balanced F-score NN: neural network
GB: gradient boosting PFI: permutation feature

GP: gaussian process R2: coefficient of determ

MCC: Matthew's correl. coefficient

MVL: multivariate lineal models

REG: Regression
error RF: random forest
RMSE: root mean square error
RND: random
SHAP: Shapley additive explanations
VR: voting regressor
importance

ination
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Miscellaneous

General tips to improve the models and instructions to predict new values.

Some general tips to improve the score

1. Adding meaningful datapoints might help to improve the model. Also, using a uniform population of datapoints
across the whole range of y values usually helps to obtain reliable predictions across the whole range. More
information about the range of y values used is available in Section C.

2. Adding meaningful descriptors or replacing/deleting the least useful descriptors used might help. Feature
importances are gathered in Section D.

How to predict new values with these models?

1. Create a CSV database with the new points, including the necessary descriptors.
2. Place the CSV file in the parent folder (i.e., where the module folders were created)
3. Run the PREDICT module as 'python -m robert --predict --csv_test FILENAME.csv'.

4. The predictions will be shown at the end of the resulting PDF report and will be stored in the last column of two
CSYV files called MODEL_SIZE_test(_No)_PFl.csv, which are in the PREDICT folder.
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