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Fig. S1. The statistical analysis of collected datasets for ML modeling. The data range, mean value and the media

of each input variables and output target (VFA production) were shown in the boxplot.



(b) o1

0.068
a ' ‘
@ 0.12 0.05 0063
: Number of neurons :
0.058 &
1w 0.10 =
0.01
2 2 0053 §
S 0.08+ = g
= £ 0,005 0.049 2
£ 006 g (01,0.001) -
> = 0001 e
8 0.04+ 0.039 3
(s}
& 0024 0.0005 003
0.00- 0.0001 0.029
| | | | | 0.0 0.1 0.2 0.3 0.4 0.5
Number of hidden layers Dropout rate
(d)
0.201
(©)
Min child weight 0.180
| [ B
w 0.08 = 0159 &
g s =
[ X 0138 §
S 0.06+ s 2 2
= [ £ 3
g 3 0017 2
= S >
S 0.04+ (7] 00% 3
2 S
<] 0075 &
O 0.02+4
© 0.054
0.00 0.1 0.033
O
ax dep Colsample bytree
® ® 0.046
05 0.059
0.044
0.055
0.043 W
0.052 4 2
= =
.041
0048 5 £ 0.0 %
£ g s 0.039 =
£ 0.045 = % SRS
=) S s >
«
0041 g 0.037 g
5 S
0038 & 0035 &
(0.6,0.0) 0.034 ‘ 0.033
0.0 : 0.031 | : : : : : : | 0.032
01 02 03 04 05 06 07 08 09 10 20 30 40 50 60 70 80
learning rate n_estimators

0.055

0.052

0.050

0.047

0.044

0.042

Min samples leaf
5-Cross Validation MSE

0.039

0.037

0.034

Min samples split

Fig. S2. Tuning process of hyper-parameters for ANN model (a, b), XGBoost model (c, d, €) and RF model (f, g)
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Fig. S3. (a) Compressed principal components (PCs) of high-dimensional taxonomic composition at genus level,
(b) the correlation between different PCs and input features including operating conditions and intermediates, and

(c) the contributions of various genus on the individual PCs



Table S1. Optimal input features for maximal VFA production based on the well-tuned XGBoost model after 10

runs by GA and PSO.

Total ) Reducing
. Protein VFA
. Time Dosage Temperature carbohydrate NH4*-N sugar
Models Population Item (mg COD/g (mg COD/g
(d) (mmol/L) (°C) (mg COD/g (mg /L) (mg COD/g
VSS) VSS)
VSS) VSS)
400 100 4 4.0 31 10.8 19.0 26.6 39.8 0.0011 650.5265
400 100 5 1.0 38 10.6 222 24.8 37.2 0.0009 650.5265
600 100 8 3.1 43 10.6 21.3 26.3 36.9 0.0010 650.5265
600 100 6 43 33 105 20.4 255 375 0.0010 650.5265
800 100 5 1.0 30 10.5 14.6 27.3 378 0.0009 650.5265
GA
800 100 8 2.4 30 10.7 14.7 25.1 38.1 0.0009 650.5265
1000 100 9 3.4 32 10.8 20.7 26.8 355 0.0009 6505265
1000 100 6 1.3 42 10.5 20.2 29.2 37.0 0.0011 650.5265
1200 100 9 45 35 10.8 182 27.8 38.0 0.0010 650.5265
1200 100 6 0.4 43 10.6 14.4 27.0 394 0.0010 650.5265
400 60 1 4.1 30 104 19.6 285 36.4 0.0010 650.5265
400 60 1 0.0 27 108 19.1 26.7 36.6 0.0011 650.5265
600 60 2 43 30 10.8 15.4 26.0 39.3 0.0009 650.5265
600 60 1 0.0 25 10.6 17.7 26.4 40.0 0.0009 650.5265
800 60 1 5.0 25 10.6 20.0 255 40.0 0.0009 6505265
PSO
800 60 1 1.6 25 10.6 14.4 27.7 38.8 0.0011 650.5265
1000 60 4 45 25 10.9 19.7 26.2 37.7 0.0010 6505265
1000 60 1 1.6 26 10.8 21.4 24.6 39.9 0.0009 650.5265
1200 60 4 4.4 27 10.8 216 26.3 37.1 0.0010 6505265
1200 60 8 48 39 10.8 19.4 30.4 40.0 0.0010 650.5265




