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Implementing the XOR Gate using Backpropagation in Neural Networks

https://towardsdatascience.com/implementing-the-xor-gate-using-backpropagation-in-neural-
networks-c1f255b4f20d

Neural Networks in Python

https://rolisz.ro/2013/04/18/neural-networks-in-python/

Extract 10 images from the CIFAR-10 data set
https://qist.qgithub.com/juliensimon/273bef4c5b4490c687b2f92ee721b546

19 lines code

https://medium.com/@thomascountz/19-line-line-by-line-python-perceptron-b6f113b161f3

11 lines code

http://iamtrask.qithub.io/2015/07/12/basic-python-network/

9 lines code

https://medium.com/technology-invention-and-more/how-to-build-a-simple-neural-network-in-
9-lines-of-python-code-cc8f23647ca

20 lines code

https://medium.com/@michaeldelsole/a-single-layer-artificial-neural-network-in-20-lines-of-p
ython-ae34b47e5fef

How to Create a Simple Neural Network in Python

https://www.kdnuggets.com/2018/10/simple-neural-network-python.html

Neural Net from scratch (using Numpy)

https://towardsdatascience.com/neural-net-from-scratch-using-numpy-71a31f6e3675

NTNI7 NIdN 27U N71Y9N [NPY DX 720071 207 NN 7T NVS019 wnnnn T 11and 9 ni7'voa
A1'ON NY'¥721D 1AW NIJIN 27 1NI73 MIXKA'T7 21101 VTN [NUS0ISY 11'RY . TTIA [N'NA YIN'Y NYIVD
210N "217 AWWWI KI2N2 0'IXI NINIX 21107 TTIA [NUD01D TN77 N7¥NY [XON W' 17 NIRIIYN Nwnnn

AN1*7 210 1'R XOR win'w 1'k1 1 . XOR 7w niza? ano7 nn2¥n X721 NAND -1 AND, OR
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https://gist.github.com/juliensimon/273bef4c5b4490c687b2f92ee721b546
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https://medium.com/@michaeldelsole/a-single-layer-artificial-neural-network-in-20-lines-of-python-ae34b47e5fef
https://www.kdnuggets.com/2018/10/simple-neural-network-python.html
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class NeuralNetwork:
def __init__ (self,inputLayerNeurons, hiddenLayerNeurons, outputLayerNeurons):
self.hidden_weights = np.random.uniform(size=(inputLayerNeurons,hiddenLayerNeurons))
self.hidden_bias =np.random.uniform(size=(1,hiddenLayerNeurons))
self.output_weights = np.random.uniform(size=(hiddenLayerNeurons,outputLayerNeurons))
self.output_bias = np.random.uniform(size=(1,outputLayerNeurons))

self.predicted_output=0

def sigmoid(self,x):

return 1.0/(1.0 + np.exp(-x))
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def sigmoid_derivative(self,x):

return x * (1.0 - x)

def train(self, inpt, exp_out, learningRate=0.1, epochs=10000):
for _in range(epochs):
#Forward Propagation
hidden_layer_activation = np.dot(inpt,self.hidden_weights)
hidden_layer_activation += self.hidden_bias

hidden_layer_output = self.sigmoid(hidden_layer_activation)

output_layer_activation = np.dot(hidden_layer_output,self.output_weights)
output_layer_activation += self.output_bias

self.predicted_output = self.sigmoid(output_layer_activation)

#Backpropagation
error = exp_out - self.predicted output

d_predicted_output = error * self.sigmoid_derivative(self.predicted_output)

error_hidden_layer = d_predicted_output.dot(self.output_weights.T)

d_hidden_layer = error_hidden_layer * self.sigmoid_derivative(hidden_layer_output)

#Updating Weights and Biases

self.output_weights += hidden_layer output.T.dot(d_predicted_output) * learningRate
self.output_bias += np.sum(d_predicted_output,axis=0,keepdims=True) * learningRate
self.hidden_weights += inpt.T.dot(d_hidden_layer) * learningRate

self.hidden_bias += np.sum(d_hidden_layer,axis=0,keepdims=True) * learningRate

N1an NX X1 7apn NN n'21von NeuralNetwork np'7nnn 019'un Nn owa nyy N121 Xan 2A7vA
NWN7 0'{7910nN DRIND NNIXK YNy inputs owa TNXN 0'DWwn 2 11 D 1nd .(2,2,1) i¥an nwan
N71Y9N NN AT 1I¥IN V790 NINNR D'7'N] IR VTN AT wnwnin expected_output nwa awni
099> axa NIk predicted_output 7wnin N nWAN VYO .NWIN DR AR? 1T train

N7 A% DWrAN NRDINN TR 707

inputs = np.array([[0,0],[0,1],[1,01,[1,1]])
expected_output = np.array([[0],[1],[11,[01])
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nn = NeuralNetwork(2,2,1)

print("\nlnitial hidden weights:\n",colored(nn.hidden_weights, 'red"))
print("\nInitial hidden biases:\n",colored(nn.hidden_bias, 'red'))
print("\nInitial output weights:\n",colored(nn.output_weights, 'red'))

print("\nInitial output biases:\n",colored(nn.output_bias, 'red"))

nn.train(inputs, expected_output)

print("\nFinal output bias:\n",colored(nn.hidden_weights, 'green’))
print("\nFinal output bias:\n",colored(nn.hidden_bias, 'green'))
print("\nFinal output bias:\n",colored(nn.output_weights, 'green'))

print("\nFinal output bias:\n",colored(nn.output_bias, 'green'))

print("\nOutput from neural network after 10,000 epochs:\n",colored(nn.predicted_output, 'blue'))

:XOR ww 7w ppai? Tin'?7 0N nwn Y Xmn Tign winm |70%

import numpy as np

from termcolor import colored

class NeuralNetwork:
def __init__ (self,inputLayerNeurons, hiddenLayerNeurons, outputLayerNeurons):
self.hidden_weights = np.random.uniform(size=(inputLayerNeurons,hiddenLayerNeurons))
self.hidden_bias =np.random.uniform(size=(1,hiddenLayerNeurons))
self.output_weights = np.random.uniform(size=(hiddenLayerNeurons,outputLayerNeurons))
self.output_bias = np.random.uniform(size=(1,outputLayerNeurons))

self.predicted_output=0

def sigmoid(self,x):

return 1.0/(1.0 + np.exp(-x))

def sigmoid_derivative(self,x):

return x * (1.0 - x)
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def train(self, inpt, exp_out, learningRate=0.1, epochs=10000):
for _in range(epochs):
#Forward Propagation
hidden_layer_activation = np.dot(inpt,self.hidden_weights)
hidden_layer_activation += self.hidden_bias

hidden_layer_output = self.sigmoid(hidden_layer_activation)

output_layer_activation = np.dot(hidden_layer_output,self.output_weights)
output_layer_activation += self.output_bias

self.predicted_output = self.sigmoid(output_layer_activation)

#Backpropagation
error = exp_out - self.predicted_output

d_predicted_output = error * self.sigmoid_derivative(self.predicted_output)

error_hidden_layer = d_predicted_output.dot(self.output_weights.T)

d_hidden_layer = error_hidden_layer * self.sigmoid_derivative(hidden_layer_output)

#Updating Weights and Biases

self.output_weights += hidden_layer_output.T.dot(d_predicted_output) * learningRate
self.output_bias += np.sum(d_predicted_output,axis=0,keepdims=True) * learningRate
self.hidden_weights += inpt.T.dot(d_hidden_layer) * learningRate

self.hidden_bias += np.sum(d_hidden_layer,axis=0,keepdims=True) * learningRate

#Input datasets
inputs = np.array([[0,0],[0,1],[1,01,[1,11])
expected_output = np.array([[0],[1],[11,[01])

nn = NeuralNetwork(2,2,1)

print("\nlnitial hidden weights:\n",colored(nn.hidden_weights, 'red"))
print("\nlnitial hidden biases:\n",colored(nn.hidden_bias, 'red'))
print("\nInitial output weights:\n",colored(nn.output_weights, 'red'))

print("\nInitial output biases:\n",colored(nn.output_bias, 'red"))
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nn.train(inputs, expected_output)

print("\nFinal output bias:\n",colored(nn.hidden_weights, 'green’))
print("\nFinal output bias:\n",colored(nn.hidden_bias, 'green’))
print("\nFinal output bias:\n",colored(nn.output_weights, 'green'))

print("\nFinal output bias:\n",colored(nn.output_bias, 'green'))

print("\nOutput from neural network after 10,000 epochs:\n",colored(nn.predicted_output, 'blue'))
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inputs = np.array([ [0,0,0],
[0,0,1],
[0,1,0],
[0,1,1],
[1,0,0],
[1,0,1],
[1,1,0],
[1.1,11)
expected_output = np.array([  [0,0],
[1.1],
[1.11,
[1,0],
[1.11,
[1,01,
[1.0],
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[1,111)
nn = NeuralNetwork(3,3,2)
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Initial hidden weights: Final output bias:

Initial hidden biases: Final output bias:

Initial output weights: Final output bias:

[ 3.66347857 8.89430403]]

Initial output biases: Final output bias:

Qutput from neural network after 18,888 epochs:

[©,0]
[1,1]
[1,1]
[1,0]
[1,1]
[1,0]
[1,0]
[1,1]

aan

17 vy nax'mn 0w 3 7apn np'nnn predict owa n71ve NeuralNetwork np'znnin 1177 19'01n
.00 DNINT? NYIN 079 NIX VTN N2YON .NNATIRN NI7'YO] 1ANDYW DIN'N NWAY7 791000

UNNYnnn 0NN 0N 3 NX LVIZP7 N'DINN 7Y

117 NN XN 1P WNNYNNnN 07710 0'YN TRR TWKRD V177 7'09N N1DINN

124

N7 1 - Python nowa mipn nn? gadi.herman@gmail.com 7"xi7 |nn M



mailto:gadi.herman@gmail.com

|NNo

import numpy as np

from termcolor import colored

class NeuralNetwork:
def __init__(self,inputLayerNeurons,hiddenLayerNeurons,outputLayerNeurons):
self.hidden_weights = np.random.uniform(size=(inputLayerNeurons,hiddenLayerNeurons))
self.hidden_bias =np.random.uniform(size=(1,hiddenLayerNeurons))
self.output_weights = np.random.uniform(size=(hiddenLayerNeurons,outputLayerNeurons))
self.output_bias = np.random.uniform(size=(1,outputLayerNeurons))

self.predicted_output=0

def sigmoid(self,x):

return 1.0/(1.0 + np.exp(-x))

def sigmoid_derivative(self,x):

return x * (1.0 - x)

def train(self, inpt, exp_out, learningRate=0.1, epochs=10000):
for _in range(epochs):
#Forward Propagation
hidden_layer_activation = np.dot(inpt,self.hidden_weights)
hidden_layer_activation += self.hidden_bias

hidden_layer_output = self.sigmoid(hidden_layer_activation)

output_layer_activation = np.dot(hidden_layer_output,self.output_weights)
output_layer_activation += self.output_bias

self.predicted_output = self.sigmoid(output_layer_activation)

#Backpropagation
error = exp_out - self.predicted_output

d_predicted_output = error * self.sigmoid_derivative(self.predicted_output)

error_hidden_layer = d_predicted_output.dot(self.output_weights.T)

d_hidden_layer = error_hidden_layer * self.sigmoid_derivative(hidden_layer_output)
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#Updating Weights and Biases

self.output_weights += hidden_layer_output.T.dot(d_predicted_output) * learningRate
self.output_bias += np.sum(d_predicted_output,axis=0,keepdims=True) * learningRate
self.hidden_weights += inpt.T.dot(d_hidden_layer) * learningRate

self.hidden_bias += np.sum(d_hidden_layer,axis=0,keepdims=True) * learningRate

def predict(self, inpt):
hidden_layer_activation = np.dot(inpt,self.hidden_weights)
hidden_layer_activation += self.hidden_bias

hidden_layer_output = self.sigmoid(hidden_layer_activation)

output_layer_activation = np.dot(hidden_layer_output,self.output_weights)
output_layer_activation += self.output_bias

return self.sigmoid(output_layer_activation)

inputs = np.array([ [0,0,0],
[0,0,1],
[0,1,0],
[0,1,1],
[1,0,0],
[1,0,1],
[1,1,0],
[1.1.11)
expected_output = np.array([[0,0],
[1.1],
[1.1],
[1.0],
[1.11.
[1.0],
[1.0],
[1.11D)

nn = NeuralNetwork(3,3,2)

nn.train(inputs, expected_output)
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A = int(input("Entar A (1 or 0):"))
B = int(input("Entar B (1 or 0):"))
C = int(input("Entar C (1 or 0):"))
while (A==1 or A==0) and (B==1 or B==0) and (C==1 or C==0):
tests = np.array([ [A,B,C] ])
print(colored(nn.predict(tests), 'blue'))
A = int(input("Entar A (1 or 0):"))
B = int(input("Entar B (1 or 0):"))
C = int(input("Entar C (1 or 0):"))

NDINN V797 NnarT

Entar A
Entar i
Entar C (

Entar A
Entar i
Entar C (

Entar A
Entar i
Entar C (-

Entar A
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You are free:

to Share — to copy, distribute and transmit the material
to Remix — to adapt the material

Under the following conditions:

Attribution — You must give appropriate credit, provide a link to the license, and
indicate if changes were made. You may do so in any reasonable manner, but not in
any way that suggests the licensor endorses you or your use.

NonCommercial — You may not use the material for commercial purposes.
ShareAlike — If you remix, transform, or build upon the material, you must distribute
your contributions under the same license as the original.
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