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Table S1: List of the tuned parameters employed with the Grid Search and Randomised Search hyperparameter tuning for decision tree, random forest, KNN, and linear regression models 
	Model
	Tuning methods
	Tunned parameters

	Decision Tree
	Grid Search
	[image: A screen shot of a computer program

AI-generated content may be incorrect.]

	
	Randomised Search
	[image: A screen shot of a computer program

AI-generated content may be incorrect.]

	Random Forest
	Grid Search
	[image: A screenshot of a computer program

AI-generated content may be incorrect.]

	
	Randomised Search
	[image: A screen shot of a computer program

AI-generated content may be incorrect.]

	KNN
	Grid Search
	[image: A screen shot of a computer program

AI-generated content may be incorrect.]

	
	Randomised Search
	[image: A screen shot of a computer program

AI-generated content may be incorrect.]

	Linear
	Grid Search
	[image: A screen shot of a computer program

AI-generated content may be incorrect.]

	
	Randomised Search 
	[image: A screen shot of a computer program

AI-generated content may be incorrect.]
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Figure S1: The result of dynamic state simulation from the STOAT modelling environment showing predictions for PST effluent, final effluent, digester performance, and liquor return quality.
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# GRIDSEARCH

import numpy as np
import pandas as pd

import matplotlib.pyplot as plt

From sklearn.ensenble import RandomForestRegressor

From sklearn.model_selection import train_test_split, GridsearchCv
From sklearn.metrics import mean squared_error

param_GridsearchCV_rfreg = {
“n_estinators’: [50, 168, 268, 300, 560],
‘max_depth’: [None, 2, 3, 4, 5, 6, 7, 8, 9, 10],
“min_samples_split: [2, 5, 10],
“min_sanples_leaf': [1, 2, 4, 5],
‘max_features’: ['sqrt’, ‘log2’, .5, 6.75, 1.8]
¥

# Create a Random Forest Regressor

regressor_rfreg = RandomForestRegressor (randon_state=5)

# Set up Grid Search with cross-validation
GridsearchCV_rfreg = GridSearchCV(estimator=regressor_rfreg, param_grid-param GridsearchCy_rfreg,
neg_mean_squared_error’, cv=5, n_jobs=-1)

# Fit the model
GridsearchCV_rfreg. Fit(X_train, y_train)

# Get the best parameters
best_params_GridsearchCV_rfreg = GridsearchCV_rfreg.best_params_
print(f'Best Parameters: {best_params_GridsearchcV_rfreg}’)

# Create a regressor with the best parameters
best_regressor_GridSearchCV_rfreg = RandomForestRegressor(**best_params_GridsearchCV_rfreg, random_state-5)
best_regressor_GridSearchCV_rfreg. fit(X_train, y_train)

# Make predictions on the test set
y_train_pred_GridsearchCV_rfreg = best_regressor_GridsearchCV_rfreg.predict(X_train)

# Make predictions on the test set
y_test_pred_GridsearchCV_rfreg = best_regressor_6ridsearchCV_rfreg.predict(X_test)

.5, "min_samples_leaf"

, *win_samples_split': 2, 'n_estimators': 50}
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© # RANDOMISED SEARCH
import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
From sklearn.ensenble import RandomForestRegressor
From sklearn.model_selection import train_test_split, RandomizedSearchcv
From sklearn.metrics import mean squared_error
From scipy.stats import randint

param_RandsearchCV_rfreg = {
“n_estinators’: [50, 160, 269, 300, 560],
‘max_depth’: [None, 2, 3, 4, 5, 6, 7, 8, 9, 10],
“min_samples_split: [2, 5, 10],
“min_sanples_leaf': [1, 2, 4, 5],
“max_features’: ['sqrt’, 'log2’, .5, 6.75, 1.8]

}

# Create a Decision Tree Regressor
regressor_rfreg = RandomForestRegressor (randon_state=5)

# Set up Randomized Search with cross-validation
RandomsearchCV_rfreg = RandomizedSearchCV(estimator-regressor_rfreg, param_distributions-paran Randsearchcv_rfreg,
n_iter-166, scoring="neg mean_squared_error’, cv-5, n_jobs=-1, random_state-5)

# Fit the model
RandomsearchCV_rfreg. Fit(X_train, y_train)

# Get the best parameters
best_params_RandomsearchCV_rfreg = RandomSearchCV_rfreg.best_parar
print(f'Best Parancters: {best_params_RandomsearchCV_rfreg}')

# Create a regressor with the best parameters
best_regressor_RandomsearchCv_rfreg = RandomForestRegressor (**best_params_RandomSearchCV_rfreg, randon_state=5)
best_regressor_RandomsearchCv_rfreg. Fit(X_train, y_train)

# Make predictions on the train set
y_train_pred RandomSearchCV_rfreg = best_regressor_RandomsearchCV_rfreg.predict(X_train)

# Make predictions on the test set
y_test_pred_RandomSearchCV_rfreg = best_regressor_RandomsearchCv_rfreg. predict(X_test)
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# GRIDSEARCH
import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

From sklearn.neighbors import KNeighborsRegressor

From sklearn.model_selection import train_test_split, GridsearchCv

From sklearn.metrics import mean squared_error

paran_GridsearchCv_knnreg = {
“n_neighbors’: [1, 3, 5, 7, 9],
‘metric’: [euclidean’, 'manhattan’, 'chebyshev'],
‘weights’: [uniform’, "distance’]

¥

# Create a KNN Regressor
regressor_knnreg = KNeighborsRegressor()

# Set up Grid Search with cross-validation
GridsearchCV_knnreg = GridSearchCV(estimator-regressor_knnreg, param_grid-param GridsearchCv_knnreg,
neg_mean_squared_error’, cv=5, n_jobs=-1)

# Fit the model
GridsearchCV_knnreg. Fit(X_train, y_train)

# Get the best parameters
best_params_GridsearchCV_knnreg = GridsearchCV_knnreg. best_params_
print(f'Best Paraneters: {best_params_GridsearchcV_knnreg}”)

# Create a regressor with the best parameters
best_regressor_6ridSearchCV_knnreg = KNeighborsRegressor(**best_params_GridsearchCy_knnreg)
best_regressor_GridsearchCV_knnreg. Fit(X_train, y_train)

# Make predictions on the train set
y_train_pred_GridsearchCV_knnreg = best_regressor_GridsearchCV_knnreg.predict(X_train)

# Make predictions on the test set
y_test_pred_GridsearchCv_knnreg = best_regressor_GridsearchCV_knnreg.predict(X_test)





image6.png
# RANDOMISED SEARCH
import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

From sklearn.neighbors import KNeighborsRegressor

From sklearn.model_selection import train test_split, RandomizedSearchcv
From sklearn.metrics import mean squared_error

From scipy.stats import randint

param_RandsearchCv_knn = {
n_neighbors: [1, 3, 5, 7, 9],
‘metric’: [euclidean’, ‘manhattan’, 'chebyshev'],
‘weights’: [uniform’, 'distance’]

}

# Create a Random Forest Regressor
regressor_knnreg = KNeighborsRegressor()

# Set up Randomized Search with cross-validation
RandomsearchCv_knnreg

RandonizedSearchCV(estimator=regressor_knnreg, param_distributions-param RandsearchCy_knn,
n_iter-166, scoring="neg mean_squared_error’, cv-5, n_jobs=-1, random_state=5)

# Fit the model
RandomsearchCv_knnreg. Fit(X_train, y_train)

# Get the best parameters
best_params_RandonsearchCV_knnreg = RandomSearchCV_knnreg. best_parans_
print(f'Best Parameters: {best_params_RandonsearchCV_knnreg} ')

# Create a regressor with the best parameters
best_regressor_RandomsearchCy_knnreg = KNeighborsRegressor (**best_params_RandonsearchC_knnreg)
best_regressor_RandomsearchCV_knnreg. Fit(X_train, y_train)

# Make predictions on the train set
y_train_pred RandomSearchCV_knnreg = best_regressor._RandomSearchCV_knnreg. predict(X_train)

# Make predictions on the test set
y_test_pred_RandomsearchCV_knnreg = best_regressor_RandomsearchCV_knnreg. predict (X_test)

Jusr/1ocal /1ib/pythons. 12/dist packages/sKlearn/model_selection/_search.
‘warnings.varn(
Best parameters: {"welghts': “unifora’, ‘nneighbors’

Usersarning: The total space of parameters 38 is saaller than n_iter-

, “metric': “manhattan'}
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# GRIDSEARCH
import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

From sklearn. linear_model import LinearRegression

From sklearn.model_selection import train_test_split, GridsearchCv
From sklearn.metrics import mean squared_error

param_GridsearchCV_lnreg = {
“copy X': [True,False],
*fit_intercept': [True,False],
*positive’: [True,False]
# "n_jobs’: [1,5,16,15,None]

}

# Create a LN Regressor
regressor_lnreg = LinearRegression()

# Set up Grid Search with cross-validation
GridsearchCV_lnreg = GridSearchCV(estimator=regressor_lnreg, param_grid-param GridsearchCy_lnreg,
scoring="neg_mean_squared_error’, cv=5, n_jobs=-1)

# Fit the model
GridsearchC_lnreg. Fit(X_train, y_train)

# Get the best parameters
best_params_GridsearchCV_lnreg = GridSearchCV_lnreg. best_params_
print(f'Best Parameters: {best_params_Gridsearchcv_lnreg}’)

# Create a regressor with the best parameters
best_regressor_GridSearchCV_lnreg = LinearRegression(**best_parans_Gridsearchcv_lnreg)
best_regressor_GridSearchCV_lnreg. fit(X_train, y_train)

# Make predictions on the train set
y_train_pred_GridsearchCV_lnreg = best_regressor_GridsearchCV_lnreg.predict(X_train)

# Make predictions on the test set
y_test_pred_GridsearchCV_lnreg = best_regressor_6ridsearchCV_lnreg.predict(X_test)

False, ‘positive’: False}
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# RANDOMISED SEARCH
import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

From sklearn. linear_model import LinearRegression

From sklearn.model_selection import train_test_split, RandomizedSearchcv
From sklearn.metrics import mean squared_error

From scipy.stats import randint

param_RandsearchCV_lnreg = {

: [True,False],
ntercept”: [True,False],
ive': [True,False]
[1,5,16,15, None]

# Create a Linear Regressor
regressor_lnreg = LinearRegression()

# Set up Randomized Search with cross-validation
RandomsearchCv_lnreg = RandomizedSearchCV(estimator-regressor_lnreg, param_distributions-paran Randsearchcy_lnreg,
n_iter-160, scoring="neg_mean_squared_error’, cv=5, n_jobs=-1, random_state=5)

# Fit the model
RandomsearchCV_lnreg. Fit(X_train, y_train)

# Get the best parameters
best_parans_RandomsearchCV_lnreg = RandomSearchCV_lnreg.best_params_
print(f'Best Paraneters: {best_params_RandomsearchCV_lnreg} ')

# Create a regressor with the best parameters
best_regressor_RandomsearchCv_lnreg = LinearRegression(**best_params_RandomsearchCv_lnreg)
best_regressor_RandomsearchC_lnreg. Fit(X_train, y_train)

# Make predictions on the train set
y_train_pred RandomsearchCv_lnreg = best_regressor_RandomsearchCV_lnreg.predict(X_train)

# Make predictions on the test set
y_test_pred_RandomSearchCV_lnreg = best_regressor_RandomsearchCv_lnreg. predict (X_test)

Jusr/1ocal /1ib/pythons. 12/dist packages/sKlearn/model_selection/_search.

‘warnings.varn(
Best Parameters: {'positive's False, “fit_intercept': False, ‘copy.X': True}

7: Userwarning: The total space of parameters g is smaller than n_iter=1
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© # GRIDSEARCH
import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
From sklearn.tree import DecisionTreeRegressor
From sklearn.model_selection import train_test_split, GridsearchCv
From sklearn.metrics import mean squared_error

param_GridSearchcV_dtreg = {
‘max_depth’: [Nore, 1, 2, 3, 4, 5, 6, 7, 8, 9, 18],
‘min_samples_split': [2, 5, 10],
“min_sanples_leaf': [1, 2, 4, 5],
‘max_features': ['sqrt’, 'log2’, .5, 8.75, 1.0]

}

# Create a Decision Tree Regressor
regressor_dtreg = DecisionTreeRegressor (randon_state=5)

# Set up Grid Search with cross-validation
GridsearchCV_dtreg = GridSearchCV(estimator=regressor_dtreg, param_grid-param GridsearchCV_dtreg,
scoring="neg_mean_squared_error’, cv=5, n_jobs=-1)

# Fit the model
GridsearchCV_dtreg. Fit(X_train, y_train)

# Get the best parameters
best_params_GridSearchCV_dtreg = GridSearchCV_dtreg.best_params_
print(f'Best Parameters: {best_params_GridSearchcv_dtreg}’)

# Create a regressor with the best parameters
best_regressor_GridSearchCV_dtreg = DecisionTreeRegressor(**best_params_GridsearchCV_dtreg, random_state-5)
best_regressor_GridSearchCV_dtreg. fit(X_train, y_train)

# Make predictions on the train set
y_train_pred_GridsearchCV_dtreg = best_regressor_GridsearchCV_dtreg.predict(X_train)

# Make predictions on the test set
y_test_pred_GridsearchCV_dtreg = best_regressor_6ridsearchCV_dtreg.predict(X_test)

1, "min_samples_split”
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# RANDOMISED SEARCH
import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

From sklearn.tree import DecisionTreeRegressor

From sklearn.model_selection import train test_split, RandomizedSearchcv
From sklearn.metrics import mean squared_error

From scipy.stats import randint

param_RandSearchcV_dtreg = {
‘max_depth': [Nore, 1, 2, 3, 4, 5, 6, 7, 8, 9, 18],
‘min_samples_split': [2, 5, 10],
“min_sanples_leaf': [1, 2, 4, 5],
‘max_features': ['sqrt’, 'log2’, .5, 8.75, 1.0]

}

# Create a Decision Tree Regressor
regressor_dtreg = DecisionTreeRegressor (randon_state=5)

# Set up Randomized Search with cross-validation
RandomsearchCv_dtreg = RandomizedSearchCV(estimator=regressor_dtreg, param_distributions-paran Randsearchcy_dtreg,
n_iter-166, scoring="neg mean_squared_error’, cv-5, n_jobs=—1, random_state-5)

# Fit the model
RandomsearchCv_dtreg. Fit(X_train, y_train)

# Get the best parameters
best_params_RandomsearchCV_dtreg = RandomSearchCV_dtreg. best_parar
print(f'Best Paraneters: {best_params_RandomsearchCV_dtreg} ')

# Create a regressor with the best parameters
best_regressor_RandomsearchCv_dtreg = DecisionTreeRegressor(**best_params_RandomSearchCV_dtreg, random_state=5)
best_regressor_RandomsearchCV_dtreg. Fit(X_train, y_train)

# Make predictions on the train set
y_train_pred RandomSearchCv_dtreg = best_regressor_RandomsearchCV_dtreg.predict(X_train)

# Make predictions on the test set
y_test_pred_RandomSearchCV_dtreg = best_regressor_RandomsearchCv_dtreg. predict(X_test)

Best Parameters: {'min samples split': 5, ‘min_samples leaf': 1, 'max_ features': 6.5, max_ depth': 6}




