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Activation function

ANN (Artificial Neuron)
b

The parameters w and b are constant, obtained through model 
training.



1 node neuron: 1 input
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Activation function



1 node neuron: 2 input
𝑧 = 𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑒 )
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tensorw

torch.matmul(w, x)

tensorx

6

Neuro
n

X1

input 1

b

w1=3

b=1

X2

input 2

w2=2

let w1=3, w2=2, b=1

z = 3x1+2x2 + 1
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A perceptron is a single-layer neural network 
that serves as a fundamental building block 
of more complex neural network 
architectures.



1 node neuron: 3 input
𝑧 = 𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑒 )
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tensorw

torch.matmul(w, x)

tensorx
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let w1=3, w2=2, w3=5, b=1

z = 3x1+2x2 + 5x3+ 1

𝑧 = 𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑒
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3x1+2x2

output
Activation function
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A perceptron is a single-layer neural network 
that serves as a fundamental building block 
of more complex neural network 
architectures.
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Activate functions
• Sigmoid Function (Logistic Function):

• It compresses the input to the range between 0 and 1, commonly 
used in binary classification tasks, although less prevalent in deep 
neural networks due to the vanishing gradient problem.
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Activate functions
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import numpy as np
import matplotlib.pyplot as plt

# Define the sigmoid function
def sigmoid(x):

return 1 / (1 + np.exp(-x))

# Generate x values (start, stop, and num)
x_values = np.linspace(-10, 10, 100)

# Calculate corresponding y values using the sigmoid function
y_values = sigmoid(x_values)

# Plot the sigmoid function
plt.figure(figsize=(8, 6))
plt.plot(x_values, y_values, label='Sigmoid Function', color='b')
plt.title('Sigmoid Function')
plt.xlabel('x')
plt.ylabel('Sigmoid(x)')
plt.grid(True)
plt.legend()
plt.show()



Activate functions
• Tanh Function (Hyperbolic Tangent Function):

• It compresses the input to the range between -1 and 1, similar to the 
sigmoid but with a wider output range, also facing the vanishing 
gradient problem.
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Activate functions
• ReLU Function (Rectified Linear Unit):

• It outputs the input if it's greater than 0; otherwise, it outputs 0. 
• ReLU is simple and efficient but suffers from the "dying ReLU" 

problem (neurons stuck at 0 output) and the issue of zero gradient for 
negative inputs.
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Exercise
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Perceptron-iris-classification
• The features used in this training example are the petal(花瓣) and 

sepal(花萼) length of the seratosa and verisolor iris species. This is 
the format of the chart with the given data. Each flower has 50 data 
samples and thus 50 data points for the perceptron to train and 
classify from.

16Data and code from: 
https://github.com/Gregory-Eales/perceptron-iris-classification

https://github.com/Gregory-Eales/perceptron-iris-classification
https://github.com/Gregory-Eales/perceptron-iris-classification


Dataset

17Data and code from: 
https://github.com/Gregory-Eales/perceptron-iris-classification

perceptron_iris.py

https://github.com/Gregory-Eales/perceptron-iris-classification
https://github.com/Gregory-Eales/perceptron-iris-classification


18Data and code from: 
https://github.com/Gregory-Eales/perceptron-iris-classification

https://github.com/Gregory-Eales/perceptron-iris-classification
https://github.com/Gregory-Eales/perceptron-iris-classification


19Data and code from: 
https://github.com/Gregory-Eales/perceptron-iris-classification

https://github.com/Gregory-Eales/perceptron-iris-classification
https://github.com/Gregory-Eales/perceptron-iris-classification


perceptron_predict_iris.py
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perceptron_predict_iris.py
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perceptron_predict_iris_sklearnPerceptron.py
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https://scikit-learn.org/stable/modules/generated/sklearn.linear_model.Perceptron.html 

https://scikit-learn.org/stable/modules/generated/sklearn.linear_model.Perceptron.html


scikit-learn digits dataset
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• The "Digits" dataset in scikit-learn, often referred to 
as load_digits, is a classic machine learning dataset 
used for learning and demonstrating algorithms in 
the field of pattern recognition and classification. 

• It consists of 8x8 pixel images of handwritten digits 
from 0 to 9. Each image is represented as a flattened 
array of 64 pixels, and the dataset contains a total of 
1,797 samples.



Perceptron-digits-classification

24perceptron_predict_digits.py
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Perceptron-digits-classification



Perceptron-digits-classification: tanh

26perceptron_predict_digits_tanh.py



Perceptron-digits-classification: sigmoid

27perceptron_predict_digits_ sigmoid.py



Fully Connected Network (FCN)
• A Fully Connected Network (FCN), also known as a Multilayer Perceptron (MLP,多

層感知器), is a fundamental neural network architecture. 
• In a fully connected network, each neuron is connected to every neuron in the 

previous layer, forming a fully connected structure. 
• Each neuron receives inputs from the previous layer, computes a weighted sum, 

and generates an output through an activation function. 
• Fully connected networks typically consist of multiple hidden layers and an 

output layer, and are trained using the backpropagation algorithm.
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• 全連接網路（Fully Connected Network）是一種基本的神經網路架構，也被稱為多層感知器
（Multilayer Perceptron, MLP）。

• 在全連接網路中，每個神經元都與前一層的每個神經元相連接，形成了完全連接的架構。每個
神經元接收來自前一層的輸入，進行加權求和，並通過激活函數產生輸出。

• 全連接網路通常由多個隱藏層和一個輸出層組成，並使用反向傳播算法來訓練模型。



Fully Connected Network (FCN)
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Exercise: 

Increase accuracy of digits-classification

Submission requirements: 
1. source code (predict.py)
2. PDF documents

Explaining your strategy.
Show the outputs (before and after)

3. Upload to e-learning before 3/29 14:10


