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Abstract: As industry and technology go through advancement, it is hard to search new materials which satisfy various standards
through conventional trial-and-error based research methods. Crystal Graph Convolutional Neural Network(CGCNN) is a neural
network which uses material’s features as train data, and predicts the material properties(formation energy, bandgap, etc.) much
faster than first-principles calculation. This report introduces how to train the CGCNN model which predicts the formation
energy using open database. It is anticipated that with a simple programming skill, readers could construct a model using their
data and purpose. Developing machine learning model for materials science is going to help researchers who should explore
large chemical and structural space to discover materials efficiently.
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Fig. 1. Schematic diagram to show how Artificial Intelligence(Al) solve a problem.
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Fig. 2. (a) Schematic of Crystal Graph Convolutional Neural Network(CGCNN) . Reproduced with permission. [12] Copyright 2018,
American Physical Society and (b) an example of one-hot encoding of nickel element in CGCNN model.
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Fig. 3. Figure to show concatenation vector z, convolution layer and pooling layer.
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Fig. 4. Type of layers and their number in CGCNN model and dimension of weight and bias in the layers.
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Fig. 5. (a) Configuration of CGCNN directory, (b) a flowchart of CGCNN, and (c) a result of CGCNN model predicting material’s formation

energy per atom.
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Home About~ Apps~  Documentation ~  Forum | AP

The Materials API
API keys

To use the MAPI, you need to first have an APl key. We have detected that you
already have the following API key generated API ke

In this case, the AP key is supplied as part of the URL as a GET parameter. The
response of the URL contains the q in the Object
Notation (JSON), which is a highly portable format supported by many
programming languages

Fig. 6. Getting API from MP.
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Fig. 7. Setting runtime type to GPU option to accelerate computation.

1) mount google drive to colab

2) insert your MP API key
3) import mp-id for train data

4) query material data in mp_list

5) remove prefix in task_id

6) extract cif data from dataframe and
convert the data to json

7) extract formation energy data from dataframe
and convert the data to csv file

Fig. 8. Collecting formation energy data from MP and preprocessing of the data.



140 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 35, No. 2, pp. 134-142, March 2022: Lee and Seo

cif 112l 5§ json U2 dump A7 w2} Qo HlolE]  2.5.5 3101 TatOlE| M £ DU st IS
£ F5A2 4 Atk atom_initjson MYE data/  stolm mfetu]E} A7 § mainpyE AAETH Ro]
sample-regressiono| A 7}A &}, #1784 batch 215 S Tiopch @A) m2e] MAES
£3st=g| o] A7} validation®] MAE®} &xto]7} =t
2.5.4 CGCNN T7| x| L2 2= o AT 2AIY 7Hsdol gen 2 stoln metulE

Githuboll Al CGCNN 17]%] & wrerh. 17]x 2 AbS 28] abe @S s Zalof st

5t7] ollA]+= Pytorch, scikit-learn, pymatgen©o] -5

st7oll M| 5]o] glojo} g} cif HUSS jsonO 2 tlo]  2.5.6 2 HIHE B

B2 vhorowd mj7|x] U data.pyS L& 5450 json I} test_result.csv IO A} WEIO] o & LS &It}
12 92 4 S vl

o

# import oif_group. jeon
cif_ison_file = os.path.join(self.root_dir, ‘cif_group.json")

print("cif_json directory :", cif_json_file)
assert os.path.exists(cif_json_file), 'cif_group.json does not exist!’
with open(cif_json_file, 'r') as read_file:

self.json_data = json.load(read_file)

def __len__(self):
return len(self.id_prop_data)

@functools. Iru_cache(maxsize=None) # Cachs Joaded structurss
def __getitem__(self, idx):
cif_id, target = self.id_prop_datalidx]
# orystal = Structure, from file{os. path, joinlself root_dir, cif_idt . cif'))

# oxtract oif data from jeon file
crystal = Structure. from_str(self.json_datalcif_id], fmt = "json")

Fig. 9. Modifying data.py in CGCNN package to read json file containing cif files.

real _data = (dt. \Iu, :

test_number = len(pre

Fig. 11. Plotting result from test_result.csv which is made from testing data.
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Fig. 12. (a) Class activation map attached to the final layer of the proposed CNN model. Licensed under CC BY 4.0 [15,16] (b) effect on
energy above hull by A site and (c) B site element in perovskite structure (ABX3). Reproduced with permission. [12] Copyright 2018,
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