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Feature Importance Chart and SHAP Chart

Figure S1. Jsc (a), Voc (¢), and FF (e) in order of feature importance. The effects of
each feature on Jsc (b), Voc(d) and FF(f) were analyzed using SHAP. Each bar in the
left column of the graph indicates the absolute magnitude of importance of the feature,
and the ranking is from the largest to the smallest absolute value of importance. Each
point in the graph in the right column represents a data sample, the darker the color
represents the larger the value of the feature, the horizontal coordinate is the SHAP
value, and the vertical coordinate is the different features.
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Model Test

Figure S2. Comparative histogram of PCE values.
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We verified our model with the most recent results from the just-accepted,
unedited paper in Advanced Materials by L Tan, which is published during the peer-
reviewing period and thus outside of our database. Our model predicts PCE value of
23.5%, very close to the experimental PCE value of 24.3%. The relative error is only
3.3%, which reflects the excellent prediction ability of our model for unknown samples
and the excellent generalization performance of the model.



Machine learning model

RF is a classification algorithm, which belongs to the Bagging algorithm in
ensemble learning, that is, the guided aggregation algorithm. RF consists of multiple
decision trees, and each decision tree is different. When building a decision tree, we
randomly select a part of the samples from the training data with replacement, and do
not use all the features of the data, but randomly select parts features for training. And
the final predicted value is determined by the prediction of the aggregation tree.

LR algorithm is a binary classification algorithm, and the decision function is
represented by the conditional probability distribution P(Y|X). It non-linearly maps the
operation result of linear regression to the [0,1] interval through the Sigmoid function,
that is, the prediction category is expressed in the form of probability. LR is usually
based on gradient descent algorithm to obtain training weights, and then uses decision
function to make probabilistic prediction of categories.

DTree algorithm is based on the binary division strategy, and represents the result
of data classification in a tree structure. Each decision point implements a test function
with discrete output. DTree applies the information gain criterion on each node of the
decision tree to select features, constructs the decision tree recursively, and the final
fitted function is a step function between partitions.

GBoost uses the negative gradient of the loss function as an approximation of the
residual in the boosting tree algorithm to train weak classifiers, thereby constructing a
decision tree, and finally obtaining the predicted value according to the results of all
weak classifiers. Each calculation of GBoost is to reduce the previous residual, and then
build a new model in the direction of residual reduction.

ABoost is an adaptive algorithm. In the ABoost algorithm, the wrongly classified
samples of the previous basic classifier will be given a higher weight, while the
correctly classified samples will be given a lower weight, and the weighted samples
will be used again to train the next basic classifier. At the same time, a new weak
classifier is added in each round until a predetermined small enough error rate is
reached or a pre-specified maximum number of iterations is reached.

XGBoost algorithm is similar to the GBoost algorithm, the difference is that
GBoost reduces the residual at the fastest speed by continuously adding new trees,
while XGBoost can define the loss function artificially, just need to know the first
derivative and second derivative of the function for the parameters, which greatly
improves the generalization ability of the model.

MLP is a deep learning algorithm in which each node is a perceptron, simulating
the basic functions of neurons in biological neural networks, and these neurons are also
divided into input layer, intermediate layer and output layer. A neural network trains
the net with a feature vector as input, passes that vector to the hidden layer, then



computes the result through weights and activation functions, and passes the result to
the next layer until the output. The weights, synapses and neurons of each layer are
calculated and learned through the catenary ANN algorithm.

ETree is an algorithm very similar to RF and an improvement on Bagging. But
ETree uses all of the samples, only the features are randomly selected. And ET obtains
the bifurcation value completely randomly, while RF obtains the best bifurcation value
within a random subset.

SVR is a dichotomous model whose purpose is to find a hyperplane to segment the
samples. SVR sets a tolerance deviation on both sides of the linear function. All samples
that fall into it do not calculate the loss, that is, only the support vector will affect its
function model. Finally, it is obtained by minimizing the total loss and maximizing the
total interval. out the optimized model.

LinearSVR is very similar to SVR, the only difference is that LinearSVR is a linear
classification, does not support various low-dimensional to high-dimensional kernel
functions, only supports linear kernel functions, and cannot be used for linearly
inseparable data. But for linear data, LinearSVR does not need to adjust parameters to
select the kernel function, and it is faster.

Genetic algorithm (GA)

Genetic algorithm (GA) is a computational model that simulates the biological
evolution process of Darwinian genetic selection and natural elimination. It is a method
to search for the optimal solution by simulating the natural evolution process. Starting
from a population that represents the possible potential solutions of the problem, after
genetic coding, the next generation is generated by operations such as replication,
mutation and crossover, and individuals with low fitness function values are gradually
eliminated to form a population. In this way, iteratively controls the search adaptively,
and finally obtains the best population.

Data augmentation

In order to make the model get more sufficient data for training, we expanded the
original dataset to generate a dataset with three times the size of the original dataset.
The data expansion process is as follows:

1.Loading the original data set is recorded as L1, and creating a new storage space
is recorded as L2.

2.Traverse each piece of data in L1, add random interference to the eigenvalues to
form new samples, and add new samples to L2 and L3. Traverse each piece of data in
L1, add random interference to the eigenvalues to form new samples, and add new
samples to L2 and L3. In this step, we choose the form of Gaussian noise as the
interference, and add the interference according to the features to ensure the accuracy
of the model.



3.If the data in L2 and L3 space reaches the number of original data sets, go to step
4, otherwise return to step 2.

4.Randomly shuffle the order of data samples in L2 and L3 space, and store the
original data to generate an expanded data set.

Code abstract

from sklearn.preprocessing import StandardScaler
from sklearn.model selection import cross_val score, GridSearchCV
from sklearn import metrics

from sklearn import datasets

from sklearn.linear model import LinearRegression
from sklearn.tree import DecisionTreeRegressor

from sklearn.ensemble import GradientBoostingRegressor
from sklearn.neural network import MLPRegressor
from sklearn.ensemble import AdaBoostRegressor
from sklearn.ensemble import ExtraTreesRegressor
from sklearn.ensemble import RandomForestRegressor
from sklearn.svm import LinearSVR

from sklearn.svm import NuSVR

from sklearn.svm import SVR

from xgboost import XGBRegressor

from sklearn.metrics import accuracy_score

import numpy as np

import pandas as pd

import shap

import matplotlib.pyplot as plt

from sklearn.model selection import train_test split

df = pd.read_csv()

features = df.iloc[:,1:].values

target= df.iloc[:,0].values

X train, X test, y train,y test
=train_test_split(features,target,test size=0.2,random_state=0)
model=randomforest.fit(X train, y_train)

y_pred = randomforest.predict(X_test)

yt = randomforest.predict(X _train)

importances = list(model.feature_importances )

feature name = list(df.columns)[1:]



feature importances = [(feature, round(importance, 2))

for feature, importance in zip(feature name, importances)]

feature importances = sorted(feature importances, key = lambda x: x[1], reverse =
True)

estimator list =[RandomForestRegressor(),
GradientBoostingRegressor(),
LinearRegression(),
DecisionTreeRegressor(),
MLPRegressor(solver="1bfgs"),
AdaBoostRegressor(),
ExtraTreesRegressor(),
LinearSVR(),
SVR(),
XGBRegressor(nthread = 15) |
cv_split = ShuffleSplit(n_splits=3,test size=0.2, random_state=18)
df columns = ['Name', 'Parameters', "Train Accuracy Mean', 'Test Accuracy Mean',
"TestAccuracyStd','ComsumedTime']
df = pd.DataFrame(columns=df columns)

GA:
if name ==' main_ "
for 1 in range(generations):
obj_value = cal_obj_value(pop)
fit_value = calfitvalue(obj value)
[best individual, best fit] = best(pop, fit_value)
temp n_estimator, temp max_depth = b2d(best individual)
results.append([best_fit,temp n_estimator,temp max_depth])
selection(pop, fit_value)
crossover(pop, pc)
mutation(pop, pc)
results.sort()
print(results[-1])

PLOT:

fontsize=12
plt.figure(figsize=(3.5,3))
plt.style.use('default')



plt.rc('xtick’, labelsize=fontsize)

plt.rc('ytick', labelsize=fontsize)

plt.rcParams|['font.family'|="Arial"

a = plt.scatter(y_train, yt, s=25,c="LightSkyBlue")

b = plt.scatter(y_test, y pred, s=25,c="PaleGreen')

plt.tick params(direction="in")
plt.legend((a,b),('Train','Test'"),fontsize=fontsize,handletextpad=0.1,borderpad=0.1)
plt.rcParams['font.family'|="Arial"

plt.plot([0.5,1.7],[0.5,1.7],"--",color="black")

plt.tight layout()

SHAP:

model.fit(X test,y test)

explainer = shap.TreeExplainer(model)

shap values = explainer.shap values(X_test)

shap explainer = explainer(X test)

shap explainer.base values=shap explainer.base values[0][0]
shap explainer.data=shap_explainer.data] ]

shap explainer.values=shap explainer.values[]

shap.initjs()

shap.summary plot(shap values.values,X test,show = False,alpha = 0.6,max_display
=15)



