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This page presents a neural network curve fitting example. This example shows and details how to create nonlinear regression with TensorFlow.

The following has been performed with the following version:
Python 3.6.9 64 bits

Matplotlib 3.1.1

TensorFlow 2.1.0

Try the example online on Google Colaboratory.
 

# Problem definition
The goal of this example is to approximate a nonlinear function given by the following equation:

The blue dots are the training set, the red line is the output of the network:

y = 0.1. x. cos(x) (1)

https://lucidar.me/en/neural-networks/simplest-neural-netwok-ever/
https://lucidar.me/en/neural-networks/summary/
https://eb2.3lift.com/pass?tl_clickthrough=true&redir=https%3A%2F%2Fwww.bing.com%2Fapi%2Fv1%2Fmediation%2Ftracking%3FadUnit%3D11730374%26auId%3D0c302a03-ac89-4e7a-9a06-ae7b97aeaf98%26bidId%3D1%26bidderId%3D4%26cmExpId%3DLV1%26oAdUnit%3D11730374%26publisherId%3D250152235%26rId%3Dad27440b-b97b-4c97-bd29-40bfd5a9fabe%26rlink%3Dhttps%253A%252F%252Fwww.bing.com%252Faclick%253Fld%253De8GIDly5NOoo2dExEaMBHMzzVUCUxB6ppjr2sy7I8uB91Ja3tCip1mu2QfD_kBE1QLcTZ4QcCz4LSHtLRQCu4O7OnJfKL2210hDjvdocyzgXvZVPZRlzpci7vIiIfJNi3wWJDnvX0AjCc3G4FzuSCzj3N5i3Q2aw-fQWs39b_YG71QGuIsbfXbZCKMNbM5pxXSAvOyLQ%2526u%%2526rlid%253D5813232f929814d4c9b846136b6cb1ea%26rtype%3DtargetURL%26tagId%3D52913%26trafficGroup%3Dgevcyryvsg_pcz%26trafficSubGroup%3Dtqcecnff%26aid%3D%24%7BAUCTION_ID%7D%26wp%3D%24%7BTL_AUCTION_PRICE%7D&pr=0.012&bc=0.018&aid=40400542594349962534490&bmid=5563&biid=7443&sid=66529&brid=612&adid=&crid=108573740&ts=1698494964&bcud=18&ss=12&cb=90950
https://eb2.3lift.com/pass?tl_clickthrough=true&redir=https%3A%2F%2Fwww.bing.com%2Fapi%2Fv1%2Fmediation%2Ftracking%3FadUnit%3D11730374%26auId%3D0c302a03-ac89-4e7a-9a06-ae7b97aeaf98%26bidId%3D1%26bidderId%3D4%26cmExpId%3DLV1%26oAdUnit%3D11730374%26publisherId%3D250152235%26rId%3Dad27440b-b97b-4c97-bd29-40bfd5a9fabe%26rlink%3Dhttps%253A%252F%252Fwww.bing.com%252Faclick%253Fld%253De8GIDly5NOoo2dExEaMBHMzzVUCUxB6ppjr2sy7I8uB91Ja3tCip1mu2QfD_kBE1QLcTZ4QcCz4LSHtLRQCu4O7OnJfKL2210hDjvdocyzgXvZVPZRlzpci7vIiIfJNi3wWJDnvX0AjCc3G4FzuSCzj3N5i3Q2aw-fQWs39b_YG71QGuIsbfXbZCKMNbM5pxXSAvOyLQ%2526u%%2526rlid%253D5813232f929814d4c9b846136b6cb1ea%26rtype%3DtargetURL%26tagId%3D52913%26trafficGroup%3Dgevcyryvsg_pcz%26trafficSubGroup%3Dtqcecnff%26aid%3D%24%7BAUCTION_ID%7D%26wp%3D%24%7BTL_AUCTION_PRICE%7D&pr=0.012&bc=0.018&aid=40400542594349962534490&bmid=5563&biid=7443&sid=66529&brid=612&adid=&crid=108573740&ts=1698494964&bcud=18&ss=12&cb=90950
https://eb2.3lift.com/pass?tl_clickthrough=true&redir=https%3A%2F%2Fwww.bing.com%2Fapi%2Fv1%2Fmediation%2Ftracking%3FadUnit%3D11730374%26auId%3D0c302a03-ac89-4e7a-9a06-ae7b97aeaf98%26bidId%3D1%26bidderId%3D4%26cmExpId%3DLV1%26oAdUnit%3D11730374%26publisherId%3D250152235%26rId%3Dad27440b-b97b-4c97-bd29-40bfd5a9fabe%26rlink%3Dhttps%253A%252F%252Fwww.bing.com%252Faclick%253Fld%253De8GIDly5NOoo2dExEaMBHMzzVUCUxB6ppjr2sy7I8uB91Ja3tCip1mu2QfD_kBE1QLcTZ4QcCz4LSHtLRQCu4O7OnJfKL2210hDjvdocyzgXvZVPZRlzpci7vIiIfJNi3wWJDnvX0AjCc3G4FzuSCzj3N5i3Q2aw-fQWs39b_YG71QGuIsbfXbZCKMNbM5pxXSAvOyLQ%2526u%%2526rlid%253D5813232f929814d4c9b846136b6cb1ea%26rtype%3DtargetURL%26tagId%3D52913%26trafficGroup%3Dgevcyryvsg_pcz%26trafficSubGroup%3Dtqcecnff%26aid%3D%24%7BAUCTION_ID%7D%26wp%3D%24%7BTL_AUCTION_PRICE%7D&pr=0.012&bc=0.018&aid=40400542594349962534490&bmid=5563&biid=7443&sid=66529&brid=612&adid=&crid=108573740&ts=1698494964&bcud=18&ss=12&cb=90950
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https://eb2.3lift.com/pass?tl_clickthrough=true&redir=https%3A%2F%2Fwww.bing.com%2Fapi%2Fv1%2Fmediation%2Ftracking%3FadUnit%3D11730374%26auId%3D0c302a03-ac89-4e7a-9a06-ae7b97aeaf98%26bidId%3D1%26bidderId%3D4%26cmExpId%3DLV1%26oAdUnit%3D11730374%26publisherId%3D250152235%26rId%3Dad27440b-b97b-4c97-bd29-40bfd5a9fabe%26rlink%3Dhttps%253A%252F%252Fwww.bing.com%252Faclick%253Fld%253De8GIDly5NOoo2dExEaMBHMzzVUCUxB6ppjr2sy7I8uB91Ja3tCip1mu2QfD_kBE1QLcTZ4QcCz4LSHtLRQCu4O7OnJfKL2210hDjvdocyzgXvZVPZRlzpci7vIiIfJNi3wWJDnvX0AjCc3G4FzuSCzj3N5i3Q2aw-fQWs39b_YG71QGuIsbfXbZCKMNbM5pxXSAvOyLQ%2526u%%2526rlid%253D5813232f929814d4c9b846136b6cb1ea%26rtype%3DtargetURL%26tagId%3D52913%26trafficGroup%3Dgevcyryvsg_pcz%26trafficSubGroup%3Dtqcecnff%26aid%3D%24%7BAUCTION_ID%7D%26wp%3D%24%7BTL_AUCTION_PRICE%7D&pr=0.012&bc=0.018&aid=40400542594349962534490&bmid=5563&biid=7443&sid=66529&brid=612&adid=&crid=108573740&ts=1698494964&bcud=18&ss=12&cb=90950
https://eb2.3lift.com/pass?tl_clickthrough=true&redir=https%3A%2F%2Fwww.bing.com%2Fapi%2Fv1%2Fmediation%2Ftracking%3FadUnit%3D11730374%26auId%3D0c302a03-ac89-4e7a-9a06-ae7b97aeaf98%26bidId%3D1%26bidderId%3D4%26cmExpId%3DLV1%26oAdUnit%3D11730374%26publisherId%3D250152235%26rId%3Dad27440b-b97b-4c97-bd29-40bfd5a9fabe%26rlink%3Dhttps%253A%252F%252Fwww.bing.com%252Faclick%253Fld%253De8GIDly5NOoo2dExEaMBHMzzVUCUxB6ppjr2sy7I8uB91Ja3tCip1mu2QfD_kBE1QLcTZ4QcCz4LSHtLRQCu4O7OnJfKL2210hDjvdocyzgXvZVPZRlzpci7vIiIfJNi3wWJDnvX0AjCc3G4FzuSCzj3N5i3Q2aw-fQWs39b_YG71QGuIsbfXbZCKMNbM5pxXSAvOyLQ%2526u%%2526rlid%253D5813232f929814d4c9b846136b6cb1ea%26rtype%3DtargetURL%26tagId%3D52913%26trafficGroup%3Dgevcyryvsg_pcz%26trafficSubGroup%3Dtqcecnff%26aid%3D%24%7BAUCTION_ID%7D%26wp%3D%24%7BTL_AUCTION_PRICE%7D&pr=0.012&bc=0.018&aid=40400542594349962534490&bmid=5563&biid=7443&sid=66529&brid=612&adid=&crid=108573740&ts=1698494964&bcud=18&ss=12&cb=90950
https://colab.research.google.com/drive/11A5Td8nxGSbThzL0NPwwv-E5GpBa0Fv9
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# Source code
Each line is explained in the next section. Source code and example can be run online on Google Colaboratory
 

# Explanation
First, we import the libraries:

numpy for arrays and matrices

matplotlib for displaying charts

google.colab for downloading files (only if working with Google Colaboratory)

Tensorflow for neural networks

math for the cosinus function

import numpy as np
import matplotlib.pyplot as plt
from tensorflow import keras
from google.colab import files
import tensorflow as tf
import math

Then, we create the training data. x_data composed of 1000 points, and normal noise is added to the y-coordinate of each point:

# Create noisy data
x_data = np.linspace(-10, 10, num=1000)
y_data = 0.1*x_data*np.cos(x_data) + 0.1*np.random.normal(size=1000)
print('Data created successfully')

Here is the training set:

https://eb2.3lift.com/pass?tl_clickthrough=true&redir=https%3A%2F%2Fwww.bing.com%2Fapi%2Fv1%2Fmediation%2Ftracking%3FadUnit%3D11730374%26auId%3D62f71d26-811d-4b44-9f61-cb0974caa960%26bidId%3D15000%26bidderId%3D4%26cmExpId%3DLV1%26oAdUnit%3D11730374%26publisherId%3D250152235%26rId%3D4b0d05b1-3c15-4294-a6f8-fd47030ab698%26rlink%3Dhttps%253A%252F%252Fwww.bing.com%252Faclick%253Fld%253De8O4SHXzQteyOqsTJgv0Xz-DVUCUxi16bF8cLb_XlT9QJj4Ns4haTMrTDGCDng0PeL2MpzEB5LNUKRm57AD_GzLTb_74CJxvgnUgZ1FFG2MRN8_eSmGJexFKzh-vWPECW91D-rrySs_PLJmVcb_Da1yiwqT3cVLnChDPISkbeJrxswQ7Vy%2526u%%2526rlid%253D039ddf7a22ce1cc8a852ba46d8e1e2c7%26rtype%3DtargetURL%26tagId%3D52913%26trafficGroup%3Dgevcyryvsg_pcz%26trafficSubGroup%3Derfreir%26aid%3D%24%7BAUCTION_ID%7D%26wp%3D%24%7BTL_AUCTION_PRICE%7D&pr=0.02&bc=0.029&aid=11263580296286347798630&bmid=5563&biid=7524&sid=66529&brid=516761&adid=&crid=148318920&ts=1698495023&bcud=29&ss=12&cb=17876
https://eb2.3lift.com/pass?tl_clickthrough=true&redir=https%3A%2F%2Fwww.bing.com%2Fapi%2Fv1%2Fmediation%2Ftracking%3FadUnit%3D11730374%26auId%3D62f71d26-811d-4b44-9f61-cb0974caa960%26bidId%3D15000%26bidderId%3D4%26cmExpId%3DLV1%26oAdUnit%3D11730374%26publisherId%3D250152235%26rId%3D4b0d05b1-3c15-4294-a6f8-fd47030ab698%26rlink%3Dhttps%253A%252F%252Fwww.bing.com%252Faclick%253Fld%253De8O4SHXzQteyOqsTJgv0Xz-DVUCUxi16bF8cLb_XlT9QJj4Ns4haTMrTDGCDng0PeL2MpzEB5LNUKRm57AD_GzLTb_74CJxvgnUgZ1FFG2MRN8_eSmGJexFKzh-vWPECW91D-rrySs_PLJmVcb_Da1yiwqT3cVLnChDPISkbeJrxswQ7Vy%2526u%%2526rlid%253D039ddf7a22ce1cc8a852ba46d8e1e2c7%26rtype%3DtargetURL%26tagId%3D52913%26trafficGroup%3Dgevcyryvsg_pcz%26trafficSubGroup%3Derfreir%26aid%3D%24%7BAUCTION_ID%7D%26wp%3D%24%7BTL_AUCTION_PRICE%7D&pr=0.02&bc=0.029&aid=11263580296286347798630&bmid=5563&biid=7524&sid=66529&brid=516761&adid=&crid=148318920&ts=1698495023&bcud=29&ss=12&cb=17876
https://eb2.3lift.com/pass?tl_clickthrough=true&redir=https%3A%2F%2Fwww.bing.com%2Fapi%2Fv1%2Fmediation%2Ftracking%3FadUnit%3D11730374%26auId%3D62f71d26-811d-4b44-9f61-cb0974caa960%26bidId%3D15000%26bidderId%3D4%26cmExpId%3DLV1%26oAdUnit%3D11730374%26publisherId%3D250152235%26rId%3D4b0d05b1-3c15-4294-a6f8-fd47030ab698%26rlink%3Dhttps%253A%252F%252Fwww.bing.com%252Faclick%253Fld%253De8O4SHXzQteyOqsTJgv0Xz-DVUCUxi16bF8cLb_XlT9QJj4Ns4haTMrTDGCDng0PeL2MpzEB5LNUKRm57AD_GzLTb_74CJxvgnUgZ1FFG2MRN8_eSmGJexFKzh-vWPECW91D-rrySs_PLJmVcb_Da1yiwqT3cVLnChDPISkbeJrxswQ7Vy%2526u%%2526rlid%253D039ddf7a22ce1cc8a852ba46d8e1e2c7%26rtype%3DtargetURL%26tagId%3D52913%26trafficGroup%3Dgevcyryvsg_pcz%26trafficSubGroup%3Derfreir%26aid%3D%24%7BAUCTION_ID%7D%26wp%3D%24%7BTL_AUCTION_PRICE%7D&pr=0.02&bc=0.029&aid=11263580296286347798630&bmid=5563&biid=7524&sid=66529&brid=516761&adid=&crid=148318920&ts=1698495023&bcud=29&ss=12&cb=17876
https://eb2.3lift.com/pass?tl_clickthrough=true&redir=https%3A%2F%2Fwww.bing.com%2Fapi%2Fv1%2Fmediation%2Ftracking%3FadUnit%3D11730374%26auId%3D62f71d26-811d-4b44-9f61-cb0974caa960%26bidId%3D15000%26bidderId%3D4%26cmExpId%3DLV1%26oAdUnit%3D11730374%26publisherId%3D250152235%26rId%3D4b0d05b1-3c15-4294-a6f8-fd47030ab698%26rlink%3Dhttps%253A%252F%252Fwww.bing.com%252Faclick%253Fld%253De8O4SHXzQteyOqsTJgv0Xz-DVUCUxi16bF8cLb_XlT9QJj4Ns4haTMrTDGCDng0PeL2MpzEB5LNUKRm57AD_GzLTb_74CJxvgnUgZ1FFG2MRN8_eSmGJexFKzh-vWPECW91D-rrySs_PLJmVcb_Da1yiwqT3cVLnChDPISkbeJrxswQ7Vy%2526u%%2526rlid%253D039ddf7a22ce1cc8a852ba46d8e1e2c7%26rtype%3DtargetURL%26tagId%3D52913%26trafficGroup%3Dgevcyryvsg_pcz%26trafficSubGroup%3Derfreir%26aid%3D%24%7BAUCTION_ID%7D%26wp%3D%24%7BTL_AUCTION_PRICE%7D&pr=0.02&bc=0.029&aid=11263580296286347798630&bmid=5563&biid=7524&sid=66529&brid=516761&adid=&crid=148318920&ts=1698495023&bcud=29&ss=12&cb=17876
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Once our training dataset is built, we can create our network:
First layer is a single linear unit layer (for the input)

Second layer is a 64 units RELU layer

Third layer is a 64 units RELU layer

Last layer is a single linear unit (for the output)

RELU is probably not the best choice for this application, but it works fine. ELU should provide smotther results.

# Create the model 
model = keras.Sequential()
model.add(keras.layers.Dense(units = 1, activation = 'linear', input_shape=[1]))
model.add(keras.layers.Dense(units = 64, activation = 'relu'))
model.add(keras.layers.Dense(units = 64, activation = 'relu'))
model.add(keras.layers.Dense(units = 1, activation = 'linear'))
model.compile(loss='mse', optimizer="adam")

# Display the model
model.summary()

The model is compiled with the following optimization parameters:
Optimization algorithm is Adam (optimizer="adam"), more info here.

Loss is the regression loss based on Mean Square Error (loss='mse'). More information about metrics on this page.

Once the model is defined, let's train our network:
x_data is the input

y_data is the expected output

epochs=100 means our network will be trained 100 times with our dataset

verbose=1 display progression and loss in the console.

https://machinelearningmastery.com/adam-optimization-algorithm-for-deep-learning/
https://machinelearningmastery.com/custom-metrics-deep-learning-keras-python/


# Training
model.fit( x_data, y_data, epochs=100, verbose=1)

It should display something like (loss should decrease):

Train on 1000 samples
Epoch 1/100
1000/1000 [==============================] - 0s 321us/sample - loss: 0.2125
Epoch 2/100
1000/1000 [==============================] - 0s 49us/sample - loss: 0.1914
Epoch 3/100
1000/1000 [==============================] - 0s 50us/sample - loss: 0.1932
Epoch 4/100
1000/1000 [==============================] - 0s 60us/sample - loss: 0.1922

...

Epoch 97/100
1000/1000 [==============================] - 0s 59us/sample - loss: 0.0180
Epoch 98/100
1000/1000 [==============================] - 0s 53us/sample - loss: 0.0188
Epoch 99/100
1000/1000 [==============================] - 0s 54us/sample - loss: 0.0161
Epoch 100/100
1000/1000 [==============================] - 0s 55us/sample - loss: 0.0147

Once trainning is over, we can predict and display the output for each input:

# Compute the output 
y_predicted = model.predict(x_data)

# Display the result
plt.scatter(x_data[::1], y_data[::1])
plt.plot(x_data, y_predicted, 'r', linewidth=4)
plt.grid()
plt.show()

Here is the result:



 

# Source code
You can try this example online on Google Colaboratory
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