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Proposed Workflow (Conditional VAE)
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Smiles vs Selfies
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Parameter Importance with respect to
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Cheminformatics depend on representations of molecules by descriptors
that capture their structural characteristics and properties.

e Experimental measurements

* Theoretical measurements

RDKit descriptors
Simulations (e.g. DFT, MD)
Predictions from existing ML
models

Intermolecular
interactions.

Considers spatial
orientations

[ 4

@

Molecular mass, atoms
count, atomic mass

Molecular Descriptors
Aspirin; C;H,0,




Finding the Right Molecule (Cheminformatics)
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Predicted CO2 Uptake
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* QM descriptors generated using xtb package by performing single point energy calculations in implicit water with
PM6 functional (Semi-empirical DFT)
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Feature selection: By identifying the most important features, we can

select a subset of relevant features for our target property.
* Reduced dimensionality and noise in the data

All Descriptors

*Top Performing Model = Gradient Boosted Regression
R2 = 0.49, MSE = 0.18 mol CO, / mol amine

Top 50 Descriptors
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Finding the Right Molecule (Cheminformatics)

No Properties QM Properties

Batch:
Batch:
Batch:
Batch:

(loss: 4.1684
(loss: 4.1483
(loss: 4.0050
(loss: 3.8570

Epoch: @,
Epoch: @,
Epoch: @,
Epoch: @,
Validity:
Epoch: 1,
Epoch: 1,

8/ 184,
308 / 104,
60 / 104,
90 / 104,

| quality:
| quality:
| quality:
| quality:

(loss: 3.7232
(loss: 2.7471

Batch: @ / 104,
Batch: 30 / 104,
Epoch: 1, Batch: 60 / 104, (loss: 1.5679
Epoch: 1, Batch: 90 / 104, (loss: 1.2733
latent_space_quality: Take 1009 samples from the latent space

Validity: 81.90000 % | Diversity: 42.00000 % | Reconstruction:

Batch: @ / 164,
Batch: 38 / 104,
Batch: 60 / 104,
Batch: 90 / 104,

(loss: 1.1256
(loss: 1.0559
(loss: ©.9905
(loss: ©.9867

Epoch: 2,
Epoch: 2,
Epoch: 2,
Epoch: 2,

latent_space_quality: Take 1009 samples from the latent space
Validity: 77.80000 % | Diversity: 38.90000 % | Reconstruction:

(loss: ©.9641
(loss: ©.9291

Epoch: 3,
Epoch: 3,

Batch: 0 / 184,
Batch: 30 / 104,
Epoch: 3, Batch: 60 / 104, (loss: ©.8736
Epoch: 3, Batch: 98 / 184, (loss: ©.8017
latent_space_quality: Take 1002 samples from the latent space

Validity: 73.70000 % | Diversity: 36.50000 % | Reconstruction:

Epoch: 4,
Epoch: 4,

Batch: @ / 104,
Batch: 30 / 104,
Epoch: 4, Batch: 66 / 104, (loss: ©.7615
Epoch: 4, Batch: 98 / 104, (loss: ©.7095
latent_space_quality: Take 1009 samples from the latent space

(loss: ©.8028
(loss: ©.8715

Validity: 76.30000 % | Diversity: 37.10000 % | Reconstruction:
| quality: 8@.9381 | quality valid:
| quality: 81.7526 | quality_valid:
| quality: 82.1856 | quality_valid:
| quality: 82.6495 | quality valid:

Epoch: S,
Epoch: 5,

Batch: @ / 104,

Batch: 30 / 184,
Epoch: 5, Batch: 60 / 164, (loss: 0.7122
Epoch: 5, Batch: 98 / 104, (loss: ©.6796
latent_space_quality: Take 1082 samples from the latent space
Validity: 75.40000 % | Diversity: 35.40000 %

(loss: ©.7634
(loss: ©.7357

0.2474 | quality_valid:
1.5052 | quality valid:
3.9175 | quality_valid:
11.5464 | quality_valid: 16.7567)
-0.10000 % | Diversity: -9.10000 % | Reconstruction: 31.43010 % | True Reconstruction:
| quality: 27.761@ | quality_valid:
| quality: 76.7320 | quality valid:
| quality: 77.7629 | quality valid:
| quality: 76.4845 | quality_valid:

| quality: 77.6987 | quality_valid:
| quality: 77.6598 | quality valid:
| quality: 78.8969 | quality_valid:
| quality: 80.5773 | quality_valid:

Reconstruction:

1.5159)
2.4293)
5.2685)

33.0957)
76.1596)
75.9608)
76.0260)

76.01608 % | True Reconstruction:
| quality: 78.0183 | quality_valid: 76.2573)
| quality: 77.1959 | quality valid: 76.8037)
| quality: 77.8351 | quality_valid: 77.5390)
| quality: 76.9872 | quality_valid: 77.8495)

78.29155 % | True Reconstruction:

78.5513)
78.4082)
78.5823)
79.3604)

79.65320 % | True Reconstruction:
| quality: 80.8619 | quality valid: 79.7027)
| quality: 78.3299 | quality_valid: 79.8066)
| quality: 81.1340 | quality_valid: 80.0697)
| quality: 82.2784 | quality valid: 80.4181)

81.07299 % | True Reconstruction:

81.0049)
£0.8676)
81.2433)
81.4841)

81.76000 %

True Reconstruction:

ELAPSED TIME:
ELAPSED TIME:
ELAPSED TIME:
ELAPSED TIME:

2.00000 %

ELAPSED TIME:
ELAPSED TIME:
ELAPSED TIME:
ELAPSED TIME:

0.00000 %

ELAPSED TIME:
ELAPSED TIME:
ELAPSED TIME:
ELAPSED TIME:

0.00000 %

ELAPSED TIME:
ELAPSED TIME:
ELAPSED TIME:
ELAPSED TIME:

0.00000 %

ELAPSED TIME:
ELAPSED TIME:
ELAPSED TIME:
ELAPSED TIME:

©.00000 %

ELAPSED TIME:
ELAPSED TIME:
ELAPSED TIME:
ELAPSED TIME:

0.00000 %

0.13572
2.16743
2.26430
2.10427

2.08153
2.31865
2.,22478
2.21133

2.08511
2.21546
2.34175
2.31603

0.89317
2.42319
2.34501
2.37803

0.07352
2.365%0
2.45682
2.32484

0.08620
2,15332
2.27920
2.39881

Epoch: @,

Batch:

@ / 104,

(loss:

L0421

| quality:

.8969 | quality_valid: 4.6280)

4
Epoch: @, Batch: 30 / 104, (loss: 3.4335 | quality:
Epoch: @, Batch: 60 / 104, (loss: 2.6471 | quality:
Epoch: @, Batch: 98 / 104, (loss: 1.9659 | quality:
latent_space_quality: Toke 1000 somples from the latent space
y: 57.20000 % | Diversity: 36.50000 % | Reconstruction:
Batch: @ / 104, (loss: 1.8331 I quality: 74
Batch: 30 / 104, (loss: 1.4187 | quality: 74.
Batch: 60 / 104, (loss: 1.2303 | quality: 75.
1, Batch: 990 / 104, Qoss: 1.0969 I quality: 76
latent_space_guality: Taoke 1000 somples from the latent space
Validity: 54.20000 ¥ | Diversity: 36.30000 ¥ | Reconstruction:
Epoch: 2, Batch: @ / 104, (loss: 1.0901 I quality: 7S.
Epoch: 2, Batch: 30 / 104, (loss: ©.9586 | quality: 77.
Epoch: 2, Batch: 60 / 104, (loss: 0.9553 | quality: 77.
Epoch: 2, Batch: 99 / 104, (loss: 0.8364 | quality: 80.
latent_space_quality: Toke 1000 samples from the latent space
y: S8.10000 ¥ | Diversity: 36.60000 % | Reconstruction:
Batch: @ / 104, (loss: 9.9379 | quality: 78.
Batch: 30 / 104, (loss: ©.8220 | quality: 80.
Batch: 60 / 104, (loss: 0.8739 | quality: 79
3, Batch: 99 / 104, (loss: 0.8409 | quality: 80.
latent_space_quality: Toke 1000 somples from the latent space
Validity: 62.90000 % | Diversity: 36.90000 % | Reconstruction:
Epoch: 4, Batch: @ / 104, (loss: 0.8986 I quality: 79.
Epoch: 4, Batch: 30 / 104, (loss: 0.7738 | quality: 82.
Epoch: 4, Batch: 60 / 104, (loss: 0.8094 | quality: 81.
Epoch: 4, Batch: 99 / 104, (loss: ©.8373 | quality: 80.
latent_space_guality: Toke 1000 samples from the latent space
Validity: 72.30000 ¥ | Diversity: 37.30000 % | Reconstruction:
Epoch: S, Batch: @ / 104, (loss: 9.7047 | quality: 83.
Epoch: S, Batch: 30 / 104, (loss: 0.8101 I quality: 81
Epoch: S, Batch: 60 / 104, (loss: ©.7282 | quality: 82
Epoch: 5, Batch: 99 / 104, (loss: 0.7232 | quality: 83.

|
.9278 |
|

2619 | quality_valid:
.3918 | quality_valid:
.7526 | quality_valid:

75.78103 %

1443 | quality_valid: 7
9588 | quality_valid:
6289 | quality_valid:

.0103 | quality_valid:

75.88454 %

4433 | quality_valid:
| quality_valid:
| quality_valid:
| quality_valid:

FEYS
4227

6804

78.23753 %
Q103 |
8247

2887

81.35711 %
2165 |
3608 |
3814 |
7423

81.91464 %

7835 | quality_valid:
4021 | quality_valid:
.4639 | quality_valid:
1546 | quality_valid:

quality_valid:
quality_valid:
quality_valid:
quality_valid:

quality_valid:
quality_valid:
quality_valid:
quality_valid:

73.9588)
75.8833)
75.6948)

.8676)
.0293)
6.2821)
.2487)

.0709)
5. 2070)
.9027)
.1002)

.3010)
.6429)
.5885)
.5216)

.8495)
.5185)
.5612)
1.7361)

.9439)
.0272)
.8136)
.6313)

ELAPSED TIME:
TIME:
ELAPSED TIME:
ELAPSED TIME:

ELAPSED

ELAPSED
ELAPSED
ELAPSED
ELAPSED

ELAPSED TIME:
ELAPSED TIME:
ELAPSED TIME:
ELAPSED TIME:

ELAPSED
ELAPSED
ELAPSED
ELAPSED

ELAPSED
ELAPSED
ELAPSED
ELAPSED

ELAPSED
ELAPSED
ELAPSED
ELAPSED

0.27897

9.21233

. 30696
.51069
.88847

ATO6
JHIT0L

.22257
9.58339
75773
9.68887

: 0.22516
¢ 10.78502
: 9.91654
: 10,0159

: 9.32110
: 10.e5132
: 9.819%
: 9.61340

.21987
.68650
.50073
.43337




Exploring The Chemical Space - Further Work

MCTS used in applications with large possibility spaces.

RL methods require suitable reward function.
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