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Experimental Design of Computational Materials Science Combined
with Machine Learning

Jia Zhou *, Huaying Zhong
State Key Laboratory of Urban Water Resource and Environment, School of Science, Harbin Institute of Technology (Shenzhen),
Shenzhen 518055, Guangdong Province, China.

Abstract: This paper presents a comprehensive computational materials science experiment designed for senior
undergraduate and graduate students. The band gaps of two-dimensional materials are investigated using materials
simulation and machine learning techniques. Through this experiment, students will gain a foundational understanding
of machine learning principles and workflows, while also developing their ability to apply first-principles calculations
and machine learning to solve materials-related problems.
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In [1]: import pandas as pd
import numpy as np
import matplotlib.pyplot as plt
dt = pd.read_excel('datal.xlsx")
df=dt.iloc[:,1:24]
# df=df[~df['Effective Mass of Electron Min. (m@)'].isin([0])]
df=df [~df['Band Gap (HSE, eV)'l.isin([0])]

df
Out[1]:

B(::: Crystal Crystal Lattice Lattice Space F°"E"::'r;; Y°"';:;: Y°“"a‘:: s:;::’ Band B;:d '°"iEz:°':
(His; Prototype System Constanta(A) Constantb (A) Group (Vi) N/m) N/m) N/m) Character (st), (HSE, e
0 0.9251 0 2 5.403 5.494 25 0.1581 73.105 35.663 43.469 ... 0 04754 -4.9!
1 1.4292 0 1 5.868 3.574 14 0.2357 67.499 34.416 29.660 ... 0 0.8011 -5.2
2 1.3932 0 1 3.676 471 31 0.1663 65.315 18.858 22929 .. 1 0.7294 -4.9!
3 1.1197 0 1 5.423 3.269 14 0.1949 84.680 51.889 38.475 .. 1 0.4073 -5.5.
4 0.1326 8 1 3.966 6.930 1 -1.8694 57.628 50.116 25.124 ... 0 -0.2484 -4.8
263 1.7937 7 1 6.284 3.677 13 0.6531 34.391 8.212 6.199 ... 1 12076 -6.3
264 4.0266 7 0 3.128 3.128 9 -1.7332 112.432 112.431 38.581 ... 1 28949 -6.0¢
265 2.7498 7 0 3.743 3.743 9 -1.0811 76.748 76.748 30.746 ... 1 22069 -6.3t
266 3.3166 7 0 3.581 3.581 6 -1.2479 90.984 90.984 36.540 ... 1 26108 -6.7t
267 1.6093 0 1 3.304 4616 31 0.0785 90.783 29.560 27.402 ... 0 0.9161 -5.4¢

266 rows x 23 columns
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In [4]: from sklearn.ensemble import RandomForestRegressor
from sklearn.model_selection import RandomizedSearchCV
import matplotlib.pyplot as plt
import sklearn.metrics as metrics

# SIABEHLAFRAETRE

rf = RandomForestRegressor(n_estimators=500,
random_state=30,
max_depth=12,
oob_score=True)

# GEE

rf.fit(train_features, train_labels)

# (EAREFTNSIE

predictions = rf.predict(test_features)

plt.figure()

plt.plot(np.arange(len(predictions)),predictions, 'ko-',label="Predict value")
plt.plot(np.arange(len(predictions)),test_labels, 'ro-', label="True value")
plt.title(f"RandomForest")

plt.legend(loc="best")

plt.show()

# IHELREME

errors = abs(predictions - test_labels)
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