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Neural NetworksA Simple Neural Network

Input Layer ( )L0

n0 = 3
Hidden Layer ( )L1

n1 = 4
Output Layer ( )L2

n2 = 2

Matrix of 
Inputs 

 X
m × n0

Matrix of 
Weights 

 W1
n0 × n1

Vector of 
Biases 

 β1
n1 × 1

Matrix of 
Weights 

 W2
n1 × n2

Vector of 
Biases 

 β2
n2 × 1

3 Layers,  Observationsm
Multiply the input with the Weight and add 
the Bias to compute the output at each layer

Matrix of 
Outputs 

 A1
m × n1

Matrix of 
Outputs 

 ̂Y
m × n2

̂Y = f2(A1W2 + β2)

Matrix Equations to compute the Predicted values 
 given inputs , Weights  and  and Biases  

and 

̂Y X W1 W2 β1
β2

 and  are the activation functions in Layers  and  f1(g) f2(g) L1 L2

A1 = f1(Z1)
Z1 = XW1 + β1
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Input Layer ( )L0 Output Layer ( )L2Hidden Layer ( )L1

n0 = 3 n1 = 4 n2 = 2

Neural Networks
Step 1: Start with initial values for W1, W2, β1, β2

Gradient Descent

Step 2: Compute… 

Step 3: Compute the partial derivative of the cost 
function w.r.t the parameters , , , … β2 W2 β1 W1

∂
∂β1

cost
∂

∂W1
cost

Step 4: Compute step sizes…

step_sizeβ1
=

∂
∂β1

cost × learning_rate

step_sizeW1
=

∂
∂W1

cost × learning_rate

Step 5: Compute new values for , , , β1 W1 β2 W2

β1 = β1 − step_sizeβ1
W1 = W1 − step_sizeW1

Step 6: Go to step 2 and repeat

Matrix of 
Inputs 

 X
m × n0

Matrix of 
Weights 

 W2
n1 × n2

Vector of 
Biases 

 β2
n2 × 1

Matrix of 
Outputs 

 ̂Y
m × n2

Matrix of 
Outputs 

 A1
m × n1

Vector of 
Biases 

 β1
n1 × 1

Matrix of 
Weights 

 W1
n0 × n1

A1 = f(Z1)
̂Y = f(A1W2 + β2)

Z1 = XW1 + β1

A1 = f(Z1)
̂Y = f(A1W2 + β2)

Z1 = XW1 + β1

∂
∂β2

cost
∂

∂W2
cost

step_sizeβ2
=

∂
∂β2

cost × learning_rate

step_sizeW2
=

∂
∂W2

cost × learning_rate

β2 = β2 − step_sizeβ2
W2 = W2 − step_sizeW2
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Neural Networks

Let’s go through all the pieces we need to build
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Neural Networks
Step 1: Start with initial values for W1, W2, β1, β2

Gradient Descent

Step 2: Compute… 

Step 3: Compute the partial derivative of the cost 
function w.r.t the parameters , , , … β2 W2 β1 W1

Step 4: Compute step sizes…

step_sizeβ1
=

∂
∂β1

cost × learning_rate

step_sizeW1
=

∂
∂W1

cost × learning_rate

Step 5: Compute new values for , , , β1 W1 β2 W2

β1 = β1 − step_sizeβ1
W1 = W1 − step_sizeW1

Step 6: Go to step 2 and repeat

step_sizeβ2
=

∂
∂β2

cost × learning_rate

step_sizeW2
=

∂
∂W2

cost × learning_rate

β2 = β2 − step_sizeβ2
W2 = W2 − step_sizeW2

Parameter Initialization

A1 = tanh(Z1)

̂Y = softmax(Z2)

Z1 = XW1 + β1
Z2 = A1W2 + β2

∂
∂β1

cost
∂

∂W1
cost

∂
∂β2

cost
∂

∂W2
cost
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Step 1: Start with initial values for W1, W2, β1, β2

Gradient Descent

Step 2: Compute… 

Step 3: Compute the partial derivative of the cost 
function w.r.t the parameters , , , … β2 W2 β1 W1

Step 4: Compute step sizes…

step_sizeβ1
=

∂
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=
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cost × learning_rate

Step 5: Compute new values for , , , β1 W1 β2 W2
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cost × learning_rate

step_sizeW2
=

∂
∂W2

cost × learning_rate

β2 = β2 − step_sizeβ2
W2 = W2 − step_sizeW2

Parameter Initialization

A1 = tanh(Z1)

̂Y = softmax(Z2)

Z1 = XW1 + β1
Z2 = A1W2 + β2Weight Matrices are initialized with a random sample 

from a normal distribution. The weights are multiplied by 
a small value (0.001) to avoid gradient explosion.

∂
∂β1

cost
∂

∂W1
cost

∂
∂β2

cost
∂

∂W2
cost
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Step 4: Compute step sizes…
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Parameter Initialization

A1 = tanh(Z1)

̂Y = softmax(Z2)

Z1 = XW1 + β1
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∂
∂β1

cost
∂

∂W1
cost

∂
∂β2

cost
∂

∂W2
cost

Bias Matrices are initialized with zeros
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matrix  and set it in the result matrixX

∂
∂β1

cost
∂

∂W1
cost

∂
∂β2

cost
∂

∂W2
cost

https://arrsingh.com
https://creativecommons.org/licenses/by-nc-sa/4.0/


Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/) 7

Neural Networks
Step 1: Start with initial values for W1, W2, β1, β2

Gradient Descent

Step 2: Compute… 

Step 3: Compute the partial derivative of the cost 
function w.r.t the parameters , , , … β2 W2 β1 W1

Step 4: Compute step sizes…

step_sizeβ1
=

∂
∂β1

cost × learning_rate

step_sizeW1
=

∂
∂W1

cost × learning_rate

Step 5: Compute new values for , , , β1 W1 β2 W2

β1 = β1 − step_sizeβ1
W1 = W1 − step_sizeW1

Step 6: Go to step 2 and repeat

step_sizeβ2
=

∂
∂β2

cost × learning_rate

step_sizeW2
=

∂
∂W2

cost × learning_rate

β2 = β2 − step_sizeβ2
W2 = W2 − step_sizeW2

Activation Functions (tanh & softmax)

A1 = tanh(Z1)

̂Y = softmax(Z2)

Z1 = XW1 + β1
Z2 = A1W2 + β2

Apply math.Tanh to each element of the 
matrix  and set it in the result matrixX

∂
∂β1
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∂W1
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Compute the Softmax function:	

f(zi) =
ezi

K
∑
j=1

ezj
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1. Compute  for each classezi
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Z1 = XW1 + β1
Z2 = A1W2 + β2

Apply math.Tanh to each element of the 
matrix  and set it in the result matrixX

∂
∂β1
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∂

∂W1
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∂
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∂
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Compute the Softmax function:	

f(zi) =
ezi

K
∑
j=1

ezj

1. Compute  for each classezi

2. Compute the sum of the exponents
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∂
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f(zi) =
ezi
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∑
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ezj

1. Compute  for each classezi
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3. Set the result as 	

For more details see the tutorial on Activation Functions

ezi

K
∑
j=1

ezj
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Numerical Stability: We calculate the max value and subtract it 
from each exponent to avoid overflow due to exponents of large 
values. 	

If  is large then  will overflow. However  will be not 
overflow because the largest value will be  and the others 
will lie between  and  (for )

z1 ezi ezi−max(zi)

e0 = 1
0 1 enegative
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Compute the Partial Derivative 
of the Tanh activation function:  	
	
∂
∂x

tanh(x) = 1 − tanh2(x)
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Compute the Partial Derivative 
of the Tanh activation function:  	
	
∂
∂x

tanh(x) = 1 − tanh2(x)

Each element of activationOutput, 
 (at ) is , so the partial 
derivative is simply 
v i, j tanh

1 − v2
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Negate and divide by  to compute average cost	
For more details see the tutorial on Activation Functions
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Neural Networks
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Step 3: Compute the partial derivative of the cost 
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=
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W2 = W2 − step_sizeW2

Feedforward Neural Network 
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Z2 = A1W2 + β2
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Step 3: Compute the partial derivative of the cost 
function w.r.t the parameters , , , … β2 W2 β1 W1
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Struct representing the Feedforward Neural 
Network	
	
 = Number of neurons in the input layer ( )	
 = Number of neurons in the hidden layer ( )	
 = Number of neurons in the output layer ( )

n0 L0
n1 L1
n2 L2

https://arrsingh.com
https://creativecommons.org/licenses/by-nc-sa/4.0/


Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/) 20

Neural Networks
Step 1: Start with initial values for W1, W2, β1, β2
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Step 3: Compute the partial derivative of the cost 
function w.r.t the parameters , , , … β2 W2 β1 W1
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Constructor initializes the params ( )W1, β1, W2, β2

Struct representing the Feedforward Neural 
Network	
	
 = Number of neurons in the input layer ( )	
 = Number of neurons in the hidden layer ( )	
 = Number of neurons in the output layer ( )

n0 L0
n1 L1
n2 L2
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Neural Networks
Step 1: Start with initial values for W1, W2, β1, β2

Gradient Descent
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Step 3: Compute the partial derivative of the cost 
function w.r.t the parameters , , , … β2 W2 β1 W1
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Allocate the cache matrices and gradient matrices. 
This ensures that we allocate memory upfront and 
reuse it rather than reallocating on every step
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Neural Networks
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Step 3: Compute the partial derivative of the cost 
function w.r.t the parameters , , , … β2 W2 β1 W1
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W2 = W2 − step_sizeW2
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Z2 = A1W2 + β2
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Allocate the cache matrices and gradient matrices. 
This ensures that we allocate memory upfront and 
reuse it rather than reallocating on every step

History of the Cost (for display and debugging 
only). Not required for the training or inference
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Neural Networks
Step 1: Start with initial values for W1, W2, β1, β2
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Step 2: Compute… 

Step 3: Compute the partial derivative of the cost 
function w.r.t the parameters , , , … β2 W2 β1 W1
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Allocate the cache matrices and gradient matrices. 
This ensures that we allocate memory upfront and 
reuse it rather than reallocating on every step

History of the Cost (for display and debugging 
only). Not required for the training or inference

Forward Propagation
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Neural Networks
Step 1: Start with initial values for W1, W2, β1, β2
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Allocate the cache matrices and gradient matrices. 
This ensures that we allocate memory upfront and 
reuse it rather than reallocating on every step

History of the Cost (for display and debugging 
only). Not required for the training or inference

Forward Propagation

Compute Cost (for display & debugging only)

https://arrsingh.com
https://creativecommons.org/licenses/by-nc-sa/4.0/


Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/) 21

Neural Networks
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Allocate the cache matrices and gradient matrices. 
This ensures that we allocate memory upfront and 
reuse it rather than reallocating on every step

History of the Cost (for display and debugging 
only). Not required for the training or inference

Forward Propagation

Compute Cost (for display & debugging only)

Back Propagation
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Allocate the cache matrices and gradient matrices. 
This ensures that we allocate memory upfront and 
reuse it rather than reallocating on every step

History of the Cost (for display and debugging 
only). Not required for the training or inference

Forward Propagation

Compute Cost (for display & debugging only)

Back Propagation

Update Parameters
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Step 1: Start with initial values for W1, W2, β1, β2
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Step 2: Compute… 

Step 3: Compute the partial derivative of the cost 
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Allocate the cache matrices and gradient matrices. 
This ensures that we allocate memory upfront and 
reuse it rather than reallocating on every step

History of the Cost (for display and debugging 
only). Not required for the training or inference

Forward Propagation

Compute Cost (for display & debugging only)

Back Propagation

Update Parameters

Gradient Descent iterates  times iteration
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Neural Networks
Predict() Method

https://github.com/arrsingh/ai-tutorials-go/blob/mainline/tutorials/snn.go
Complete Code with Training Data:
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Neural Networks
Predict() Method

During inference we only 
calculate the predicted value  
using forward propagation

̂Y

https://github.com/arrsingh/ai-tutorials-go/blob/mainline/tutorials/snn.go
Complete Code with Training Data:
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Related Tutorials & Textbooks

For a complete list of tutorials see:	
https://arrsingh.com/ai-tutorials

Neural Networks
An introduction to Neural Networks starting from a foundation of linear regression, logistic classification and multi class 
classification models along with the matrix representation of a neural network generalized to l layers with n neurons

Gradient Descent for Multiple Regression
Gradient Descent algorithm for multiple regression and how it can be used to optimize k + 1 parameters for a Linear 
model in multiple dimensions.

Recommended Textbooks

Artificial Intelligence: A Modern Approach	
by Peter Norvig, Stuart Russell	

Forward and Back Propagation in Neural Networks
A deep dive into how Neural Networks are trained using Gradient Descent. Output predictions, are compared to observations to 
calculate loss and Backward propagation then computes gradients by working backward through the network

https://arrsingh.com
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://arrsingh.com/ai-tutorials
https://cdn.arrsingh.com/ai-tutorials/40-neural-networks.pdf
https://cdn.arrsingh.com/21-gradient-descent-multiple-regression.pdf
https://www.amazon.com/Artificial-Intelligence-Modern-Approach-Global/dp/1292401133/145-7835510-0841302?pd_rd_w=iH9vD&content-id=amzn1.sym.4c8c52db-06f8-4e42-8e56-912796f2ea6c&pf_rd_p=4c8c52db-06f8-4e42-8e56-912796f2ea6c&pf_rd_r=HSCJ76PVENF07RXN137F&pd_rd_wg=8U3PC&pd_rd_r=1c660f60-a0d2-443c-b802-7f2e0720c983&pd_rd_i=1292401133&psc=1&linkCode=ll1&tag=arrsingh-20&linkId=213326aa44c97c9f0b4240fe1e56d1a2&language=en_US&ref_=as_li_ss_tl
https://cdn.arrsingh.com/ai-tutorials/41-forward-back-propagation-neural-networks.pdf

