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The Artificial Neural Network (ANN) is an architect in deep learning inspired by 
how the human brain works. As the name suggests, this technique works like a 
biological neural network possessed by a living creature, by accepting input data, 
processing it in a node/neuron, and displaying it in the output. ANN works by 
utilizing the large number of layers and the number of existing nodes/neurons to 

perform tasks, such as performing feature extraction, pattern recognition, 
regression, and classification. In this journal ANN's architect was used in the 
design of deep learning model, to solve classification problem, in case of banking 
churn prediction. The number of layers (layers) used by 4 layers, namely input 
layer, 2 hidden layer, and output layer with the number of nodes/neurons in 
sequence as much as 10.6, 6, 1. The final result is a model that is already (ready) 
deployed into a web-based application that can predict the churn (banking) with an 
accuracy of 84% on the customer's input data 
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1. Introduction 
 

Churn rate is the percentage of customers of a service that does not continue to subscribe to a 

company or stop using products / services offered within a certain period and can affect the profits 
that can be achieved by the company, no exception for companies engaged in finance, such as the 

banking industry [ 1]. 

Various types of Machine Learning have been developed to predict customer churn rates, and 

in general, these models have proven their effectiveness in processing and making predictions based 
on a given dataset [2].  

This journal explains the application of Deep Learning to predict churn rates in the banking 

industry, whether customers will stop or continue to use the services that banks offer. The model is 
designed using Artificial Neural Network (ANN) [3], which is used to study and process bank 

customer data and can then be applied to make new predictions that can be used by companies to 

determine the extent of churn that may occur in the future, so that various losses can be anticipated 
by making appropriate decisions based on the results of the predicted models [4]. 

 
2. Base Theory 

 

A. Machine Learning  

Machine Learning (ML) or in Indonesian is called machine learning is a branch of artificial 
intelligence that learns how computers learn from data [5]. The term machine learning itself is quite 

confusing or misleading because it has almost no connection with any machine (unless implemented 

on a machine or robot). The machine here refers to an algorithm or program running on a computer 
[6]. Unlike conventional algorithms, ML algorithms study correlations between data to obtain 
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information without relying on specific instructions [7]. Other terms that are commonly used are 

Data Mining, Pattern Recognition, or Knowledge Discovery [8]. 
Machine Learning can do that by using tools to study data and solve problems based on existing data. ML 

learning methods are divided into 2, namely: 

a) Supervised Learning, is a ML learning technique, by training the model by providing expected data input 

and output. In this way ML will learn how to work with data to obtain the information needed [9]. 

b) Unsupervised Learning, in contrast to supervised learning, this technique works by finding hidden patterns 
or internal structures in data, which will then be used to draw conclusions, based on these data [10]. 

B. Deep Learning 

Deep Learning is one area of machine learning that isinspired by how the human brain works. 

The human brain consists of billions of neurons that are interconnected to identify patterns and classify different 

types of information, as well as the way the DL algorithm works [11]. Withutilize the large number of 

nodes / neurons and layers (layers) in neural networks (or artificial neural networks) that are 

used for information processing, such as feature extraction, pattern recognition, regression, 

and classification [12].  

C. Neural Network 
As the name suggests this technique works like the biological neural network that living things have, by 

receiving data input, processing it in neurons, and displaying it at the output [13].  

Neural Network consists of several layers (layers), as illustrated in Figure 1. Below are the layers: 

 
Fig 1. Neural network 

a) Input Layer: 

The first layer where input data (input) is received, and processed to the next layer.  

b) Hidden Layer: 

The layer where the data has been received is processed, by performing mathematical 

calculations. The number of hidden layers is one factor that determines how accurate the 

output is. Neural networks with several hidden layers in them are usually called deep 

neural networks. 

c) Output Layer: 
The last layer that produces output and where the results of data processing are stored. 

Neural networks work with a technique called forward propagation and backpropagation, here are the 

details: 

a) Forward Propagation : 

 
Fig 2. Forward propagation 

Figure 2: Forward propagation is done when the model receives input (x) from the input layer in the form 

of data, which is then operated with a variable weight (w) contained in each connection between nodes / 
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neurons (synapses) and then operated with an activation function to generate the predicted output (), which is 

then compared to the actual output (y) using the loss function / cost function to produce loss. 𝑦 

a) Backpropagation: 

 
Fig 3. Backpropagation 

Figure 3: Backpropagation is done after a loss is detected which is then used by the model to improve 

predicted output () by adjusting variable weight (w). Both of these processes are commonly called epochs, and 

are repeated until the model gets optimal output results.𝑦 

D. Tools used 

There are several types of tools used to build deep learning model designs, such as, frameworks 

(backend and frontend), IDE (Integrated Development Environment), and some library software 

from programming languages (Python). Some of these tools include: 
a) Hard  

Hard is a software framework (frontend) that functions to design deep learning architectures 

such as neural networks with the Python programming language. Hard was developed to 

enable the design of deep learning models to be easier, faster, and without involving a lot of 

code, making it possible to be used as a tool supporting experiments and prototyping [14]. 
Hard was developed as part of the ONEIROS (Open-ended Neuro-Electronic Intelligent 

Robot Operating System) research project and was released in 2018 as an open source under 

the MIT license. 
Keras functions as a frontend framework, which means that it is only a tool for designing DL 

models, Keras requires frameworks such as Tensorlow or Theano to compile the model. 
b) Tensorlow 

Tensorflow is a software framework (backend) that has functions to build and deploy 
machine learning or deep learning models, in contrast to ordinary program models, which 

require programmers to write program instructions explicitly, with machine learning models, 

there is no need for instructions on specific programs but by providing training data so that 

the ML algorithm can study data without having to be explicitly programmed which will 
later be used to solve the given problem [15]. 

Tensorflow was developed by Google, with the aim of becoming a common platform in 

building machine learning. First released in 2015 to the public open source under the Apache 
Open Source Software License. 

Tensorflow has the flexibility so that it can be used to build various types of ML models, but 

tensorflow is more often used to build Deep Learning with a neural network architecture. 
Neural networks in tensorflow are used in various fields such as image recognition, speech 

recognition, image style transfer, or language translation. 

 

3. Design 

 

The Deep Learning model built for this case was built using Keras as a frontend framework and 

TensorFlow as a backend. The machine learning method used in this model is the supervised learning 
model, which is one of the categories of machine learning that is designed by training the model by 

providing training data that has been equipped with labels / attributes that indicate the expected 

classification or output of the data. The IDE used to build the model is Spyder 3, as well as using the 

Python 3 programming language. 
The design of Artificial Neural Network (ANN) in the deep learning model has several stages, 

including preparing data, designing models, training models, testing models, implementing models 

into applications. Following are the details of these stages. 
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A. Prepare Data (Data Preprocessing) 

 
Fig 4. Dataset 

Figure 4 The data to be used is data in the form of a dataset (with the extension .csv), with a total 

of 10,000 records and 12 attributes (variables), each representing data from each customer 
(individual). These attributes consist of, customer id, surename, credit score, geography (categorical), 

gender (categorical), age, tenure, balance, number of products, has credit cards (categorical), is active 

member (categorical), estimated salary, and exited which functions as the label of the dataset (0 
means false, and 1 means true). 

a) Specifies the Attribute to be used as a Feature 

From 12 existing attributes, selection is needed to determine what attributes are considered 

influential in determining the label (prediction results). In this case, 10 attributes will be used as 
features, namely credit score, geography, gender (categorical), age, tenure, balance, number of 

products, has credit cards (categorical), is active member (categorical), and estimated salary. 
b) Import Data and Preprocessing Data 

 
Fig 5. Results of dataset import 

Figure 5 Next is importing data for preprocessing data. Data import is done by using the 

Pandas library and divided into 2 parts, i.eX, representing features, and Y, representing labels 

(predicted results).  
 

 
 

 
Fig 6. The result of the conversion becomes an integer 

Figure 6: Some of the imported data is still in the form of categorical (string), i.e. geography and 

gender, which are required to be converted into integers to be processed by the model. This process 
is done using the LabelEncoder module (changing values to 0 and 1) from Scikit-learn. 

 

 
Fig 7. Training data and testing data 

Figure 7: The dataset is divided into 2, namely training data (with a total of 8000 records) and testing 

data (with a total of 2000 records). Data training is used to train neural networks in making 
predictions whether customers will survive or stop using bank services, while testing data is used to 

find out whether the model can make predictions from new data and measure how accurate 

predictions can be made by the model. 
A. Designing a Model 

In this case the model is designed with the aim of predicting whether customers will survive or 

stop using bank services, by providing input data consisting of 10 features, each of which features 

are credit score, geography (categorical), gender (categorical), age, tenure, balance, number of 
products, has a credit card (categorical), is an active member (categorical), estimated salary to 

produce output in the form of true or false. 

Geography 

Gender 
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a) Determine and define the number of Layers and Nodes 

 
Fig 8. Layers and nodes 

Model 1 

Figure 8: The number of layers that will be used in the model, which is 4 layers consisting of 

input layer, 2 hidden layers, and the output layer with the number of each node in sequence is 10, 6, 
6, 1. The number of hidden layers can be adjusted with how accurate the predicted results produced 

(which will be obtained in the process of testing the model), in this model the learning rate used is 

the default (0.01). 

 

 
Fig 9. Layers and nodes 

Model 2 

Figure 9: The number of layers that will be used in the model, which is 5 layers consisting of 

input layer, 3 hidden layers, and the output layer with the number of each node in sequence is 10, 12, 
12, 12, 1. The number of hidden layers can be adjusted to how accurate the predicted results produced 

(which will be obtained in the process of testing the model), in this model the learning rate used is 

the default (0.001). 

 

 
Fig 10. Layers and nodes 

Model 3 

Figure 10: The number of layers that will be used in the model, which is 5 layers consisting of 

input layer, 4 hidden layers, and the output layer with the number of each node in sequence is 10, 24, 
24, 24, 24, 24, 1. Number hidden layer can be adjusted according to how accurate the predicted 

results produced (which will be obtained in the process of testing the model), in this model the 

learning rate used is the default (0.001). 

Each hidden layer in a neural network has a weight variable on each connection between nodes. 
This variable is generated with a uniform function (ranging from 0 to 1), on each layer the value 

changes each time the training process (epoch) is carried out (adjusts to loss).That way, the data 

(input) and weight will be operated into a sequential matrix calculation system and changed with the 
activation function to generate output for each layer. 

There are many activation functions that can be used on hard-tensorflow, one of the most 

commonly used is Rectified Linear Unit (ReLU) used in this model. 
Loss and Accuracy are functions to measure how well a neural network predicts. Loss is 

obtained by running the Loss Functioon function. The Loss Function used is Mean Squared Error 

(MSE). 

Optimizer is used to optimize the model's prediction results as accurately as possible. This 
function is run using Adam Optimizer, which is an optimizer commonly used in hard-tensorflow. 
B. Train Model 

Table 1 

This table is the result of designing a model from 3 layer and node models that have been created 
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 Accuracy of 

training 

Validation 

accuracy 

Model 1 83% 84% 

Model 2 86% 86% 

Model 3 87% 85% 

 

  Making 3 different models is done so that the model can study the correlation between feature 

data and labels (done with mathematical calculations), so that later it can be implemented on new 
data. 

 
By writing the model.fit function and writing some arguments, 10 feature data (X_train) to train 

the model, data label (Y_train), number of epochs (forward propagation and backpropagation) the 
model will be carried out during the training and shuffle process which functions to randomize the 

data in the training data (neural networks will learn better with random training data). 

 

 
Fig 11. Model training process 

Figure 11: Model 1 training process (one sample taken from the three model designs) with an 
epoch of 100, with a loss of 0.1233 and an accuracy of 84%. 
C. Test the model 

The data used in this stage are X_test and Y_test from the dataset (as many as 2000 records) to 

test whether the model can predict from new data, and not only remember the data from the model 
training process.  

 
Fig 12. Accuracy obtained for testing data 

 

Figure 12 Accuracy obtained in the testing process is the same as the accuracy obtained from 

the training process that is equal to 84%, which means the model can make predictions from new 
data and not only remember the data from the training process model. 

D. Model Implementation 

The next step is to implement the model that has been trained and tested. In this case the model 

implementation is done by deploying the model into web-based applications (web app), using the 
Flask Service contained in the Python programming language.Flask is a microframework that can 

be used in making web programming language Python, Flask is called a micro website because it 

does not require some additional tools / libraries. Flask does not have a database abstraction layer, 

validation form or some other third party component. 
a) Deploy the Deep Learning Model  

After the model can make good predictions, the model needs to be deployed so that it can be 

used by related companies to predict churn. This process is done using the Flask Service found in the 

Python programming language to deploy the model into web-based applications (web app). 
The following is an illustration of the process that runs on the Bank Churn Prediction web-based 

application. 

http://flask.pocoo.org/
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=2ahUKEwjVrPaF-N3gAhUH3Y8KHVdAC78QFjAAegQIABAC&url=https%3A%2F%2Fwww.python.org%2F&usg=AOvVaw0QREvGsjwHKp2GtoYvs1JH


Jurnal Mantik, Vol. 4 , No. 1, May 2020, pp. 936-943     E-ISSN 2685-4236  

942 

Accredited "Rank 4" (Sprott 4),DIKTI, No. 36 / E / KPT / 2019, December 13th 2019. 
 

 Journal of Beauty is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0). 

 
Fig 13. Illustration of processes running in an application 

 

1) Users input data on the application page, the data inputted among them, credit score, geography (France, 

Spain, Germany), gender (Male, Female), age, tenure, balance, number of products, has cr cards (Yes, 

No), is active member (Yes, No), estimated salary, which is a feature data for making predictions. 

2) After the predict button is clicked, the data will be sent through the localhost network using the HTTP 
POST method in the form of JSON format. 

3) Flask service receives data, then runs the Hard predict function on data that has been received using the 

deep learning model, namely Churn_Model.h5.  

4) After the model predicts output, the output data is sent back in JSON format via the localhost network. 

5) Output is displayed on the application page as a prediction result.  

The application is designed using HTML, CSS, and JavaScript as a frontend and uses Flask as a 
server to run on the localhost network. 

 
Fig 14. Home page 

Figure 14 The Home page consists of several menus, each of which leads to a specific page, with 

a "Get Started" button, which leads to the main page of the application. 

 
Fig 15. Main Page Application, where customer data is input 

Figure 15 The main page of the application where users input customer data to predict whether 

the customer will continue to use (stay) or stop (leave). Data in sequence are Gender (Yes, No), Age, 
Geography (France, Spain, Germany), Credit Score, Tenure, Number of Products, Balance, Has 

Credit Card (Yes, No), Is Active Member (Yes, No) , and Estimated Salary. 

 
 

Fig 16. Prediction results for data input 
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Figure 16 The results in the picture above are the results of predictions made by the model based 

on data that has been input, with an output in the form of a prediction that the customer will leave 

(stop using bank services). 
 

4. Conclusion 

 
With the application of a deep learning model based on Artificial Neural Network (ANN) to 

solve problems in the form of classification problems in the case of predicting the banking industry 

churn, the results obtained in the form of a web-based application (web app) that can predict the 

possibility of customers will stop or continue to use the services provided by banks . With customer 
data that has been inputted before, the model can make predictions with an accuracy of 84% and a 

loss of 0.1233. The model that was designed using the supervised machine learning method with a 

dataset in the form of bank customer data churn that has already existed, proves that this model can 
make churn predictions accurately enough to assist the company in making further decisions, so that 

losses can be avoided. 
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