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A Simple Neural Network Neural Networks

5\/=,5+W1x

W R
O O j
This is the simplest possible neural network

Multiply the input (x) with the Weight (w;) and add the Bias (/) to compute the output (V)
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A Simple Neural Network Neural Networks
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Neural Networks
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Input Layer (L) Hidden Layer (L) Output Layer (L,)
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Neural Networks
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Neurons Neurons Neurons
Input Layer (L) Hidden Layer (L) Output Layer (L,)

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



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

Neural Networks

3 Layers, k Observations

Matrix of
Outputs

Vector of
Biases

Matrix of
Weights

Matrix of Matrix of Vector of
Inputs Weights

1y
Neurons Neurons Neurons
Input Layer (L) Hidden Layer (L,) Output Layer (L;)
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Matrix of Matrix of Vector of
Inputs Weights

Neurons Neurons

Input Layer (L) Hidden Layer k
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Neural Networks

3 Layers, k Observations

Matrix of Vector of Matrix of
Weights Biases Outputs

KIVIatrix Equations to compute the Predicted values\
Y given inputs X, Weights W, and W, and Biases /,

and [
2 Zy = LW X+ [)))

Y = H(W-Z, + 5,

f1(g) and f,(g) are the activation functions in Layers L; and L, j
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Neural Networks

. 3 Layers, k Observations

Problem Statement: Optimize the weights (W, W,)
and Biases (), 3) to minimize the error between
the predictions (¥) and the observations ()

\_/ e . . ™
O Matrix Equations to compute the Predicted values
Y given inputs X, Weights W, and W, and Biases /,
n n and f
0 1 2
Neurons Neurons Z; =HW X+ 5y)

Input Layer (L) Hidden Layer k o s
f1(g) and f,(g) are the activation functions in Layers L; and L, j
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Neural Networks

Question: How do we train a Neural Network
(Hint: We’ll use Gradient Descent)
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Lets start with a simple example...
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Neural Networks

A simple Neural Network...

Simple Linear Regression Problem:
Predict the Sale Price (y) of a House
Based on Number of Bedrooms (x)

Simple Training data (1 observation)

i Bedrooms (x) Sale Price (y)

1 3 $450,000

We’ll start with a simple model trained

on only 1 observation and then build on
It as we go...
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Lets start with a simple example... Neural Networks

A simple Neural Network...

Simple Linear Regression Problem:
Predict the Sale Price (y) of a House
Based on Number of Bedrooms (x)

( ) ; ( ) i O_) Simple Training data (1 observation)
i Bedrooms (x) Sale Price (y)

1 3 $450,000

We’ll start with a simple 3 layer
network...
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Lets start with a simple example... Neural Networks

A simple Neural Network...

Simple Linear Regression Problem:
Predict the Sale Price (y) of a House
Based on Number of Bedrooms (x)

( ) ; ( ) i O_) Simple Training data (1 observation)
i Bedrooms (x) Sale Price (y)

1 3 $450,000

Input Layer (L) Hidden Layer (L) Output Layer (L,)

We’ll start with a simple 3 layer
network...
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Lets start with a simple example...

—O—0O—

Input Layer (L) Hidden Layer (L) Output Layer (L,)

X1 represents the first neuron
in the input layer
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Neural Networks

A simple Neural Network...

Simple Linear Regression Problem:
Predict the Sale Price (y) of a House
Based on Number of Bedrooms (x)

Simple Training data (1 observation)

Sale Price (y)
1 3 S450,000

i Bedrooms (x)

X171 represents the single
observation for input neuron Xx;
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Lets start with a simple example...

w, is the weight | |f; is the Bias on
from Ly to L, Neuron 1 of L,

N/
(== (e—O—

Input Layer (L) Hidden Layer (L) Output Layer (L,)
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A simple Neural Network...

Simple Linear Regression Problem:
Predict the Sale Price (y) of a House
Based on Number of Bedrooms (x)

Simple Training data (1 observation)

i Bedrooms (x) Sale Price (y)

1 3 $450,000
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Lets start with a simple example...

w, is the weight | |f; is the Bias on
from Ly to L, Neuron 1 of L,

N/
(== (ep—(—

Input Layer (L) Hidden Layer (L) Output Layer (L,)

z1 = Jwxy + py)

is the activation function. To keep things simple we’ll use
the identity function f(x) = x as the activation function

Neural Networks

A simple Neural Network...

Simple Linear Regression Problem:
Predict the Sale Price (y) of a House
Based on Number of Bedrooms (x)

Simple Training data (1 observation)

i Bedrooms (x) Sale Price (y)

1 3 $450,000
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Lets start with a simple example... Neural Networks
W, is the weight | |/, is the Bias on
from L, to L, Neuron 1 of L,

\ \ Based on Number of Bedrooms (x)
@ Wy @ W Simple Training data (1 observation)
i Bedrooms (x) Sale Price (y)

1 3 $450,000

A simple Neural Network...

Simple Linear Regression Problem:
Predict the Sale Price (y) of a House

Input Layer (L) Hidden Layer (L) Output Layer (L,)

71 = fwxy + fyp)

(x) = xis the activation function
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Lets start with a simple example... Neural Networks

A simple Neural Network...

W, is the weight | |/, is the Bias on
from L, to L, Neuron 1 of L,

\ \ Based on Number of Bedrooms (x)
>z1 W) % Simple Training data (1 observation)
i Bedrooms (x) Sale Price (y)

1 3 $450,000

Simple Linear Regression Problem:
Predict the Sale Price (y) of a House

Input Layer (L) Hidden Layer (L) Output Layer (L,)

71 = fwxy + fyp)

n y is the predicted value
Yy =Jwz + fr) <

Multiply the weight with the input and add the bias...
... then pass it to the activation function (x) = xis the activation function
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Lets start with a simple example... Neural Networks

A simple Neural Network...

Simple Linear Regression Problem:
Predict the Sale Price (y) of a House
Based on Number of Bedrooms (x)

Z1 W 5 Simple Training data (1 observation)
i Bedrooms (x) Sale Price (y)

1 3 $450,000

Input Layer (L) Hidden Layer (L) Output Layer (L,)

71 = fwxy + fyp)

y =f(W221 + ﬂz) /
(x) = xis the activation function
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Lets start with a simple example... Neural Networks

A simple Neural Network...

Simple Linear Regression Problem:
Predict the Sale Price (y) of a House
Based on Number of Bedrooms (x)

Z1 W 5 Simple Training data (1 observation)
I Bedrooms (x) Sale Price (y)

1 3 $450,000

Input Layer (L) Hidden Layer (L) Output Layer (L,)

1 n
cost =— Y G5 -
2 = fwyxy; + py) 2n gf

N\ _ 1
Yy = f(szl T :62) Since there is only one observation cost = 5(? — y)2

(x) = xis the activation function
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Lets start with a simple example...

1 n
COSt = — P, — y.)?
> gl, i = )

Zl e y

Input Layer (L) Hidden Layer (L) Output Layer (L,)

71 = fwxy + fyp)
y = fwyzy + fr)

(x) = x is the activation function
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Neural Networks
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Lets start with a simple example... Neural Networks

Problem Statement: Find the values of
weights w;, w, and biases [, f, to minimize
the error between the predicted values (y)
and the observations (y)

Let’s use Gradient Descent

1 n
COSt = — P, — y.)?
> gl, i = )

Input Layer (L) Hidden Layer (L) Output Layer (L,)

z1 = fwixy + Py
y = f(wyzy + p,)

(x) = x is the activation function

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

23



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

Lets start with a simple example... Gradient Descent Neural Networks

Step 1: Start with initial values for wi, w,, 1, >

1 n
COSt = — P, — y.)?
> gl, i = )

(=) 5

Input Layer (L) Hidden Layer (L) Output Layer (L,)

71 = fwxy + fyp)
y = fwyzy + fr)

(x) = x is the activation function
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Lets start with a simple example... Gradient Descent Neural Networks

Step 1: Start with initial values for w;, w,, 1, >

L
— . 2 Step 2a: Compute... Wit
COST = 2 2 l,(yz‘ )
1

@——(——r—

Input Layer (L) Hidden Layer (L) Output Layer (L,)

71 = fwxy + fyp)
y = fwyzy + fr)

(x) = x is the activation function
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Lets start with a simple example... Gradient Descent Neural Networks

Step 1: Start with initial values for w;, w,, 1, >

1 n
_ A 2 Step 2a: Compute... wixi +p
COSt = > E V: —y)
1

Wl W2 ~
(by—> s
Input Layer (L) Hidden Layer (L) Output Layer (L,)

71 = fwxy + fyp)
y = fwyzy + fr)

(x) = x is the activation function
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Lets start with a simple example... Gradient Descent Neural Networks

Step 1: Start with initial values for w;, w,, 1, >

] <« _
_ A 2 Step 2a: Compute... 21 =JWix +5)
COST = > E V: —y) P P
=1

Wl W2 ~
(by—> s
Input Layer (L) Hidden Layer (L) Output Layer (L,)

71 = fwxy + fyp)
y = fwyzy + fr)

(x) = x is the activation function
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Lets start with a simple example... Gradient Descent Neural Networks

Step 1: Start with initial values for w;, w,, 1, >

] <« _
_ A 2 Step 2a: Compute... 21 =JWix +5)
COST = > E V: —y) P P
=1

Step 2b: Compute... WhZ;
Wr R
Omd

Wi

Input Layer (L) Hidden Layer (L) Output Layer (L,)

71 = fwxy + fyp)
y = fwyzy + fr)

(x) = x is the activation function
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Lets start with a simple example... Gradient Descent Neural Networks

Step 1: Start with initial values for w;, w,, 1, >

] <« _
_ A 2 Step 2a: Compute... 21 =JWix +5)
COST = > E V: —y) P P
=1

Step 2b: Compute... WhZ1 +p5,
Wo . R
y

Wi

Input Layer (L) Hidden Layer (L) Output Layer (L,)

71 = fwxy + fyp)
y = fwyzy + fr)

(x) = x is the activation function
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Lets start with a simple example... Gradient Descent Neural Networks

Step 1: Start with initial values for w;, w,, 1, >

1 < -
— 2 2 Step 2a: Compute... @ =SWixi +5)
COSt—Z_E,()’i—)’i) A
n —1 Step 2b: Compute... Y =/ +5,)

Wi

Wo . ' N
y
Input Layer (L) Hidden Layer (L) Output Layer (L,)

71 = fwxy + fyp)
y = fwyzy + fr)

(x) = x is the activation function
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Lets start with a simple example...

1 n
COSt = — P, — y.)?
> gl, i = )

O Ornns Od:

Input Layer (L) Hidden Layer (L) Output Layer (L,)

71 = fwxy + fyp)
y = fwyzy + fr)

(x) = x is the activation function
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Neural Networks

Step 1: Start with initial values for w, w,, f;, f,
Step 2a: Compute... 2 =JWixi +5))
Step 2b: Compute... Y =/f("z +5,)

Gradient Descent

Step 3a: Compute the partial derivative of the cost function

w.r.t the parameters f, and w;, ... icost icast

6,32 aW2
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Lets start with a simple example...
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71 = fwxy + fyp)
y = fwyzy + fr)

(x) = x is the activation function
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Neural Networks

Step 1: Start with initial values for w, w,, f;, f,
Step 2a: Compute... 2 =JWixi +5))
Step 2b: Compute... Y =/f("z +5,)

Gradient Descent

Step 3a: Compute the partial derivative of the cost function

w.r.t the parameters f, and w;, ... icost iwst

op, ow,
Step 3b: Compute step size...

0
Step_sizeﬁ2 = a—cost X learning_rate

2

0
step_sizew2 = a—cost X learning_rate
%)
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Lets start with a simple example...

1 n
COSt = — P, — y.)?
o -=§1' (Vi = )

=)@

Input Layer (L) Hidden Layer (L) Output Layer (L,)

71 = fwxy + fyp)
y = fwyzy + fr)

(x) = x is the activation function
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Gradient Descent Neu ral NEtworkS

Step 1: Start with initial values for w, w,, f;, f,
Step 2a: Compute... 2 =JWixi +5))
Step 2b: Compute... Y =/f("z +5,)

Step 3a: Compute the partial derivative of the cost function

w.r.t the parameters f, and w;, ... ic()st icast

op, ow,
Step 3b: Compute step size...

0
Step_sizeﬁ2 = a—cost X learning_rate

2

0
Step_sizew2 = a—cost X learning_rate
%)

Step 3c: Compute new values for 3, and w,
Py = P, — step_sizeg W, = w, — step_size,,
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Lets start with a simple example... Gradient Descent Neural Networks

| Step 1: Start with initial values for w, w,, f;, f,
_ o 2 Step 2a: Compute... @ =f(Wix +5))
cost = —— Z i =) A
2n —1 Step 2b: Compute... Y =/("z +5;)

Step 3a: Compute the partial derivative of the cost function
w.r.t the parameters f, and w;, ...

@ Wi @ Wh 5\7 Step 3b: Compute step size...

Step 3c: Compute new values for f, and w,

Step 4a: Compute the partial derivative of the cost function

Input Layer (L;)  Hidden Layer (L) Output Layer (L,) w.r.t the parameters 5, and w; ... 0 0

a_ﬂ1C0St a_M;ICOSt
z; = fwyxy + Py)
y =fwyzy + )

(x) = x is the activation function
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Lets start with a simple example... Gradient Descent Neural Networks

Step 1: Start with initial values for w;, w,, 1, >

1 < _
_ A 2 Step 2a: Compute... 21 =fWixi +5)
Cost = 5 2 l,()’i — i) A
n 1 Step 2b: Compute... Y =Jf(Wz; +5,)

Step 3a: Compute the partial derivative of the cost function
w.r.t the parameters f, and w;, ...

@ Wi @ Wh 5\7 Step 3b: Compute step size...

Step 3c: Compute new values for f, and w,

Step 4a: Compute the partial derivative of the cost function
Input Layer (L)  Hidden Layer (L) Output Layer (L,) w.r.t the parameters #; and w ... 9 .. 9
Step 4b: C i o
tep 4b: Compute step size...
Zl T f (Wlxll + ﬁ 1) Step_sizeﬁ1 = aicost X learning_rate
1
y — f (WZZI + ﬁ 2) Step_sizew1 = i(:OSt X learning_rate

6W1

(x) = x is the activation function

Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/) 35



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

Lets start with a simple example...

1 n
COSt = — P, — y.)?
o -=§1' (Vi = )

D@

Input Layer (L) Hidden Layer (L)

z1 = fwixy + Py
y = f(wyzy + p,)

(x) = x is the activation function
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Output Layer (L,)

Neural Networks

Step 1: Start with initial values for w, w,, f;, f,
Step 2a: Compute... 2 =JWixi +5))
Step 2b: Compute... Y =/f("z +5,)

Gradient Descent

Step 3a: Compute the partial derivative of the cost function
w.r.t the parameters f, and w;, ...

Step 3b: Compute step size...

Step 3c: Compute new values for f, and w,

Step 4a: Compute the partial derivative of the cost function

w.r.t the parameters ,Bl and wy ... iwst iwst

aﬂl Gwl
Step 4b: Compute step size...

0

St(.ep_sizeﬁ1 = a—cost X learning _rate
1

. 0 .
step_size,, = a—cast X learning_rate
Wi

Step 4c: Compute new values for #; and w,

p) = P, — step_sizeg W, = w, — step_size,,
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Lets start with a simple example...

1 n
COSt = — P, — y.)?
o -=§1' (Vi = )

O-E @ ()

Input Layer (L) Hidden Layer (L)

z1 = fwixy + Py
y = f(wyzy + p,)

(x) = x is the activation function
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Output Layer (L,)

Neural Networks

Step 1: Start with initial values for w, w,, f;, f,
Step 2a: Compute... 2 =JWixi +5))
Step 2b: Compute... Y =/f("z +5,)

Gradient Descent

Step 3a: Compute the partial derivative of the cost function
w.r.t the parameters f, and w;, ...

Step 3b: Compute step size...

Step 3c: Compute new values for f, and w,

Step 4a: Compute the partial derivative of the cost function

w.r.t the parameters ,Bl and wy ... iwst LCOS;

. 0,31 8W1
Step 4b: Compute step size...
0
Step_sizeﬁ1 = a—cost X learning _rate
1
0

step_sizew1 = a—cast X learning_rate
Wi

Step 4c: Compute new values for f; and w;

p) = P, — step_sizeg W, = w, — step_size,,

Step 5: Go to step 2 and repeat
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Lets start with a simple example... Gradient Descent Neural Networks

Step 1: Start with initial values for w;, w,, 3, p,

2 Step 2a: Compute... 2 =Xy +5)
COSt = Z v, —y.) P P A
Step 2b: Compute... Y =/ +5,)

Gradient descent continues iteratively until either...

a) the gradient magnitude falls below a specified threshold,
+ b)the change in loss between iterations becomes negligible,
Cc) a maX|mum number of iterations is reached

step _ Slzeﬂ — a—COSt X learnmg rate
1

=f(W2Z1 + ﬂz) step _size,, =icostxlearmng rate

awl

Step 4c: Compute new values for f; and w,
(x) = x is the activation function By = P, — step_size;  w, = w, — step_size,,
Step 5: Go to step 2 and repeat
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Neural Networks

A neural network is trained using
Gradient Descent. There are two passes
in each iteration of Gradient Descent

O O Ond
A Forward Pass (Forward Propagation)

Ny = 1 ny = 1 y, = 1 Forward pass computes the predicted

Input Layer (L))  Hidden Layer (L;) Output Layer (L) values given the parameters

A Backward Pass (Back Propagation)
The backward pass computes new values of the parameters
(using the partial derivative of the cost function)
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w w ~
O OO

Input Layer (L) Hidden Layer (L) Output Layer (L,)

Lets see it in action...
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Neural Networks

A neural network is trained using
Gradient Descent. There are two passes
in each iteration of Gradient Descent

A Forward Pass (Forward Propagation)
Forward pass computes the predicted
values given the parameters

A Backward Pass (Back Propagation)
The backward pass computes new values of the parameters
(using the partial derivative of the cost function)
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Gradient Descent Neu ral NEtWOrkS

Step 1: Start with random values for wy, w,, 5, /5
Step 2a: Compute... 2 =JWixi1 +5))
Step 2b: Compute... Y =/ +5,)

In the Forward Pass, inputs move through
the Neural Network to compute predictions

Step 3a: Compute the partial derivative of the cost function
w.r.t the parameters f, and w;, ...

@ Wy @ 74 Wy j} Step 3b: Compute step size...

Step 3c: Compute new values for f, and w,

Step 4a: Compute the partial derivative of the cost function
Input Layer (L)  Hidden Layer (L) Output Layer (L,) w.r.t the parameters #; and w ... 9 .. 9
0,31 8W1
Step 4b: Compute step size...
Step_sizeﬂ1 — %cost X learning _rate
. 1
Forward Propagation P
step_size,, = a—wst X learning_rate
Wi

Step 4c: Compute new values for f; and w;

p) = P, — step_sizeg W, = w, — step_size,,

Step 5: Go to step 2 and repeat
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Gradient Descent Neu ral NEtWOrkS

Step 1: Start with random values for wy, w,, 5, /5
Step 2a: Compute... 2 =JWixi1 +5))
Step 2b: Compute... Y =/ +5,)

In the Forward Pass, inputs move through
the Neural Network to compute predictions

Step 3a: Compute the partial derivative of the cost function
w.r.t the parameters f, and w;, ...

@ 4| Wy j} Step 3b: Compute step size...

Step 3c: Compute new values for f, and w,

Step 4a: Compute the partial derivative of the cost function
Input Layer (L)  Hidden Layer (L) Output Layer (L,) w.r.t the parameters #; and w ... 9 .. 9
0,31 Gwl
Step 4b: Compute step size...
Step_sizeﬂ1 — %cost X learning _rate
. 1
Forward Propagation P
step_size,, = a—COSl‘ X learning_rate
Wi

Step 4c: Compute new values for f; and w;

p) = P, — step_sizeg W, = w, — step_size,,

Step 5: Go to step 2 and repeat
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In the Forward Pass, inputs move through
the Neural Network to compute predictions

*—@

n1=1

Input Layer (L) Hidden Layer (L) Output Layer (L,)

Forward Propagation
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Neural Networks

Step 1: Start with random values for wy, w,, 5, /5
Step 2a: Compute... 2 =JWixi +5))
Step 2b: Compute... Y =/("z +5,)

Gradient Descent

Step 3a: Compute the partial derivative of the cost function
w.r.t the parameters f, and w;, ...

Step 3b: Compute step size...

Step 3c: Compute new values for f, and w,

Step 4a: Compute the partial derivative of the cost function

w.r.t the parameters ﬁl and Wi ... iCOﬂ icasl‘

. 0,51 Gwl
Step 4b: Compute step size...
0
Step_sizeﬂ1 = a—cost X learning _rate
1

. 0 .
step_size,, = a—wst X learning_rate
Wi

Step 4c: Compute new values for f; and w;
p) = P, — step_sizeg W, = w, — step_size,,

Step 5: Go to step 2 and repeat
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Gradient Descent Neu ral NEtWOrkS

Step 1: Start with random values for wy, w,, 5, /5
Step 2a: Compute... 2 =JWixi +5))
Step 2b: Compute... Y =/("z +5,)

In the Forward Pass, inputs move through
the Neural Network to compute predictions

Step 3a: Compute the partial derivative of the cost function
w.r.t the parameters f, and w;, ...

Wy j} Step 3b: Compute step size...

Step 3c: Compute new values for f, and w,

Step 4a: Compute the partial derivative of the cost function
Input Layer (L)  Hidden Layer (L) Output Layer (L,) w.r.t the parameters 3, and w; ... 9 .. 9
aﬂl Gwl
Step 4b: Compute step size...
Step_sizeﬂ1 — %cost X learning _rate
. 1
Forward Propagation P
step_size,, = a—COSl‘ X learning_rate
Wi

Step 4c: Compute new values for f; and w;

p) = P, — step_sizeg W, = w, — step_size,,

Step 5: Go to step 2 and repeat
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Gradient Descent Neu ral NEtWOrkS

Step 1: Start with random values for wy, w,, 5, /5
Step 2a: Compute... 2 =JWixi +5))
Step 2b: Compute... Y =/("z +5,)

In the Forward Pass, inputs move through
the Neural Network to compute predictions

Step 3a: Compute the partial derivative of the cost function
w.r.t the parameters f, and w;, ...

Wr j} Step 3b: Compute step size...

Step 3c: Compute new values for f, and w,

Step 4a: Compute the partial derivative of the cost function
Input Layer (L)  Hidden Layer (L) Output Layer (L,) w.r.t the parameters 3, and w; ... 9 .. 9
aﬂl Gwl
Step 4b: Compute step size...
Step_sizeﬂ1 — %cost X learning _rate
. 1
Forward Propagation P
step_size,, = a—COSl‘ X learning_rate
Wi

Step 4c: Compute new values for f; and w;

p) = P, — step_sizeg W, = w, — step_size,,

Step 5: Go to step 2 and repeat

Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/) 45



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

In the Forward Pass, inputs move through
the Neural Network to compute predictions

W ~
- .—>y

n2:1

n1=1

Input Layer (L) Hidden Layer (L) Output Layer (L,)

Forward Propagation
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Neural Networks

Step 1: Start with random values for wy, w,, 5, /5
Step 2a: Compute... 2 =JWixi +5))
Step 2b: Compute... Y =/("z +5,)

Gradient Descent

Step 3a: Compute the partial derivative of the cost function
w.r.t the parameters f, and w;, ...

Step 3b: Compute step size...

Step 3c: Compute new values for f, and w,

Step 4a: Compute the partial derivative of the cost function

w.r.t the parameters ﬁl and Wi ... iCOﬂ iCOSt

. 0,31 awl
Step 4b: Compute step size...
0
Step_sizeﬂ1 = a—cost X learning _rate
1

. 0 .
step_size,, = a—cost X learning_rate
Wi

Step 4c: Compute new values for f; and w;
p) = P, — step_sizeg W, = w, — step_size,,

Step 5: Go to step 2 and repeat
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In the Forward Pass, inputs move through
the Neural Network to compute predictions

W ~
2 »y

n2:1

n1=1

Input Layer (L) Hidden Layer (L) Output Layer (L,)

Forward Propagation
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Neural Networks

Step 1: Start with random values for wy, w,, 5, /5
Step 2a: Compute... 2 =JWixi +5))
Step 2b: Compute... Y =/("z +5,)

Gradient Descent

Step 3a: Compute the partial derivative of the cost function
w.r.t the parameters f, and w;, ...

Step 3b: Compute step size...

Step 3c: Compute new values for f, and w,

Step 4a: Compute the partial derivative of the cost function

w.r.t the parameters ﬁl and Wi ... iCOﬂ icasl‘

. 0,31 awl
Step 4b: Compute step size...
0
Step_sizeﬁ1 = a—cost X learning _rate
1

. 0 .
step_size,, = a—cost X learning_rate
Wi

Step 4c: Compute new values for f; and w;
p) = P, — step_sizeg W, = w, — step_size,,

Step 5: Go to step 2 and repeat
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In the Backward Pass, weights and Biases
are updated through the Neural Network

Input Layer (L) Hidden Layer (L)

Back Propagation
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Output Layer (L,)

y

Neural Networks

Step 1: Start with random values for wy, w,, 5, /5
Step 2a: Compute... 2 =JWixy +51)
Step 2b: Compute... Y =/f("z +5,)

Gradient Descent

Step 3a: Compute the partial derivative of the cost function
w.r.t the parameters f, and w;, ...

Step 3b: Compute step size...

Step 3c: Compute new values for f, and w,

Step 4a: Compute the partial derivative of the cost function

w.r.t the parameters ﬁl and Wi ... iCOﬂ icasl‘

. 0,31 8W1
Step 4b: Compute step size...
0
Step_sizeﬂ1 = a—cost X learning _rate
1

. 0 .
step_size,, = a—cast X learning_rate
Wi

Step 4c: Compute new values for f; and w;
p) = P, — step_sizeg W, = w, — step_size,,

Step 5: Go to step 2 and repeat
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In the Backward Pass, weights and Biases
are updated through the Neural Network

=)@

Input Layer (L) Hidden Layer (L)

Back Propagation
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Output Layer (L,)

y

Neural Networks

Step 1: Start with random values for wy, w,, 5, /5
Step 2a: Compute... 2 =JWixy +51)
Step 2b: Compute... Y =/f("z +5,)

Gradient Descent

Step 3a: Compute the partial derivative of the cost function
w.r.t the parameters f, and w;, ...

Step 3b: Compute step size...

Step 3c: Compute new values for f, and w,

Step 4a: Compute the partial derivative of the cost function

w.r.t the parameters ﬁl and Wi ... iCOﬂ icasl‘

. 0,31 @Wl
Step 4b: Compute step size...
0
Step_sizeﬂ1 = a—cost X learning _rate
1

. 0 .
step_size,, = a—wst X learning_rate
Wi

Step 4c: Compute new values for f; and w;
p) = P, — step_sizeg W, = w, — step_size,,

Step 5: Go to step 2 and repeat
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In the Backward Pass, weights and Biases
are updated through the Neural Network

Input Layer (L) Hidden Layer (L)

Back Propagation
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Output Layer (L,)

Neural Networks

Step 1: Start with random values for wy, w,, 5, /5
Step 2a: Compute... 2 =JWixi +5))
Step 2b: Compute... Y =/f("z +5,)

Gradient Descent

Step 3a: Compute the partial derivative of the cost function
w.r.t the parameters f, and w;, ...

Step 3b: Compute step size...

Step 3c: Compute new values for f, and w,

Step 4a: Compute the partial derivative of the cost function

w.r.t the parameters ,Bl and wy ... iwst icast

op ow,

Step 4b: Compute step size...
0

Step_sizeﬂ1 = a—cost X learning _rate

|

. 0 .
step_size,, = a—wst X learning_rate
Wi

Step 4c: Compute new values for f; and w;

p) = P, — step_sizeg W, = w, — step_size,,

Step 5: Go to step 2 and repeat
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Neural Networks

Let’s take a more realistic example...

And we’ll use matrices this time
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Copyright (c) 2

A Realistic Neural Network ‘ Neural Networks
Q‘l/
‘)\As".’(“s&‘v —

<A N

Neural Network with 3 layers and k observations

n() — 3 nl — 4 nz — 2
Input Layer (L) Hidden Layer (L) Output Layer (L,)

"\‘

SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/)
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A Realistic Neural Network Neural Networks

‘ 3 Layers, k Observations

i

[

[

i [

' : Represent the Input Layer as a ‘
[

: : ny X k matrix /

i I

: h xll xlz X13 . .xlk \

: L X =[x X2 Xpze Xk

; : A31 A3 A3z .- A3g ‘
[

: ny X k

Iﬁ m = 0

Input Layer (L) Hidden Layer (L) Output Layer (L,)
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A Realistic Neural Network Neural Networks

‘ 3 Layers, k Observations

AN

Matrix of Represent the Input Layer as a ‘
Inputs 1y X k matrix
xll xlz x13 . . .xlk \

A3] A3 A3z ... A3

ny X k

Input Layer (L) Hidden Layer (L) Output Layer (L,)
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A Realistic Neural Network Neural Networks

3 Layers, k Observations

. Represent the Weights from L, tom
as a ny; X ny matrix

Wl —

C
Input Layer (L) Hidden Layer (L) Output Layer (L,)
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Neural Networks

3 Layers, k Observations
Represent the Biasesm

L;asan; X 1 vector

P

A Realistic Neural Network

Input Layer (L) Hidden Layer (L) Output Layer (L,)
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A Realistic Neural Network Neural Networks

‘ 3 Layers, k Observations

Represent the Weights from L, to L,
as a n, X n; matrix

W2=

Wit Wi Wiz Wiy
Wr1r Wop Wiz Wyy

>

Input Layer (L) Hidden Layer (L) Output Layer (L,)

Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons .org/licenses /by-nc-sa /4.0/) 57



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

A Realistic Neural Network Neural Networks

‘ 3 Layers, k Observations

F

Input Layer (L) Hidden Layer (L) Output Layer (L,)
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A Realistic Neural Network Neural Networks

3 Layers, k Observations

Represent the Outputs frorh Matrix of
L, as a ny X k matrix Outputs

Y =1 A A A
Yo1 Yoo Y23---Yok

n, X k /

5 [j\}ll 5\712 5\713'“5\711(]

Input Layer (L) Hidden Layer (L) Output Layer (L,)
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A Realistic Neural Network

‘ Weights

Matrix of
Outputs

Input Layer (L) Hldden Layer (L)
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Matrix of Vector of

Neural Networks

L, as a ny X k matrix

/\ Z, = f(W X+ py)

Matrix of

Outputs

/

Output Layer (L,)

I | 3 Layers k Observations

Matrix of Vector of
Weights Biases

,mxm

Represent the Outputs from
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Neural Networks

3 Layers, k Observations

A Realistic Neural Network

Matrix of
Outputs

Matrix Equations to compute the Predicted values\
Y given inputs X, Weights W, and W, and Biases /,

and [
Z = (WX + By

ny =3 Y = H(WoZy + )

Ll - N
In out Layer (L()) Hidden Layer (L1 ) Q(g) and f,(g) are the activation functions in Layers L; and L, j

=i
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A Realistic Neural Network Neural Networks

/l. 3 Layers, k Observations

Problem Statement: Optimize the weights (W, W,)
and Biases (f;, ) to minimize the error between
the predictions (Y) and the observations (X)

‘ of Matrix Equations to compute the Predicted values\
Outputs Y given inputs X, Weights W, and W, and Biases 3,
and f,
Zl Zi = HW X+ f))
Y = L(WLZ, + j3)

=" L L

. d th tivation f t L L dL
Input Layer (L()) Hidden Layer (Ll)@g) and f,(g) are the activation functions in Layers L; and L, j
025, Rahul Singh, licensed under CC BY-NC- ' 62
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A Realistic Neural Network Neural Networks

/l . 3 Layers, k Observations

Problem Statement: Optimize the weights (W,, W,)
and Biases (f;, ) to minimize the error between
the predictions (Y) and the observations (X)

redicted values\
», and Biases [,

() We'll use Gradient Descent to train
the Neural Network

P =H(WiZ, + )

In pUt Layer (L()) H |dden Layer (L1 ) K(g) and f,(g) are the activation functions in Layers L; and L, j

=i
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Neural Networks

Gradient Descent
Step 1: Start with initial values for W;, W,, 3,, /5,

Zl =f(W1X + ﬂl)
Y = fW,Z, + p)

Matrix of
Outputs

Matrix of
Weights

Y
n, X k

Matrix of
Outputs

Input Layer (L) Hidden Layer (L) Output Layer (L,)
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Neural Networks

Gradient Descent
Step 1: Start with initial values for W;, W,, 3;, 5,

Zl =f(W1X + ﬂl)
Y = fW,Z, + p)

Step 2a: Compute... WX

Matrix of
Outputs

Y
n, X k

Matrix of
Outputs

Input Layer (L) Hidden Layer (L) Output Layer (L,)
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Neural Networks

Gradient Descent
Step 1: Start with initial values for W;, W,, 3;, 5,

Zl =f(W1X + ﬁl)

Y = f(W,Z, + 5,
Step 2a: Compute... WX +p,

Matrix of
Outputs

Y
n, X k

Matrix of
Outputs

Input Layer (L) Hidden Layer (L) Output Layer (L,)
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Zl =f(W1X + ﬂl)
Y = AW,Z, + 5,

| Neural Networks
Gradient Descent

Step 1: Start with initial values for W, W,, 5, p,
Step 2a: Compute... Z; =f(W,X+)))

Matrix of
Outputs

Y
n, X k

(x) Is the activation function

We'’ll cover activation functions in more detail in later tutorials

Input Layer (L) Hidden Layer (L) Output Layer (L,)
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Neural Networks

Gradient Descent
Step 1: Start with initial values for W;, W,, 3;, 5,

Step 2a: Compute... Z; =f(W,X+)))
Step 2b: Compute... W,Z,

Zl =f(W1X + ﬁl)
Y = fW,Z, + p)

Matrix of
Outputs

Input Layer (L) Hidden Layer (L) Output Layer (L,)
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Neural Networks

Gradient Descent
Step 1: Start with initial values for W;, W,, 3;, 5,

Step 2a: Compute... Z, =f(W, X +p)
Step 2b: Compute... W,Z,+ P,

Zl =f(W1X + ﬁl)
Y = fW,Z, + p)

Matrix of
Outputs

Y
n, X k

Input Layer (L) Hidden Layer (L) Output Layer (L,)
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Neural Networks

Gradient Descent
Step 1: Start with initial values for W;, W,, 3,, /5,

Step 2a: Compute... Z; =f(W, X +/)
Step 2b: Compute... Y =f(W,Z,+/5,)

Zl =f(W1X + 161)
Y = fW,Z, + p)

Input Layer (L) Hidden Layer (L) Output Layer (L,)
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Neural Networks

Gradient Descent
Step 1: Start with initial values for W;, W,, 3;, 5,

Step 2a: Compute... Z; =f(W,X+)))
Step 2b: Compute... Y =f(W,Z,+/5,)

Zl =f(W1X + ﬁl)
Y = fW,Z, + p)

Input Layer (L) Hidden Layer (L) Output Layer (L,)
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Zl =f(W1X + ﬁl)
Y = fW,Z, + p)
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Z
ny Xk

ny=73 n = n, =2
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Neural Networks

Gradient Descent
Step 1: Start with initial values for W;, W,, 3;, 5,

Step 2a: Compute... Z; =f(W,X+)))
Step 2b: Compute... Y =f(W,Z,+f,)

Step 3a: Compute the partial derivative of the cost
function w.r.t the parameters 3, and W, ...

Matrix of 0 0
——coSst ——cost

OutEuts 3B, oW,

Y
n, X k

We’ll cover cost functions in more

details in later tutorials

Output Layer (L,)
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Neural Networks

Gradient Descent
Step 1: Start with initial values for W;, W,, 3, 5,

Zl =f(W1X + ﬁl)
Y = fW,Z, + p)

Step 2a: Compute... Z; =f(W,X+)))
Step 2b: Compute... Y =f(W,Z,+f,)

Step 3a: Compute the partial derivative of the cost
function w.r.t the parameters f, and W, ...

Matrix of 0 0
Outputs ——cost ——cost
r b oW,
Y
n,xk | Step 3b: Compute step size...
0
Lstep_sizeﬁ2 = ——cost X learning _rate
Matrix of P,
Outputs 0
7 step_sizew2 = ——cost X learning _rate
1 ow,
ny Xk

no — 3 I’ll — n2 — 2
Input Layer (L) Hidden Layer (L) Output Layer (L,)
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Zl =f(W1X + ﬁl)
Y = fW,Z, + p)

Matrix of
Outputs

Z
ny Xk

ny =3 ny = n, =2
Input Layer (L) Hidden Layer (L) Output Layer (L,)
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Neural Networks

Gradient Descent
Step 1: Start with initial values for W;, W,, 3;, 5,

Step 2a: Compute... Z; =f(W,X+)))
Step 2b: Compute... Y =f(W,Z,+f,)

Step 3a: Compute the partial derivative of the cost
function w.r.t the parameters 3, and W, ...

0 0
——cCcost ———cost

op, oW,

Step 3b: Compute step size...

0
Step_sizeﬁ2 = a—cost X learning_rate

>

0
Step_sizeW2 = Wcost X learning _rate

2

Step 3c: Compute new values for 5, and W,
P, = P, — step_sizeg, W, = W, — step_sizey,
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Neural Networks

Gradient Descent
Step 1: Start with initial values for W;, W,, 3;, 5,

Zl =f(W1X + ﬂl)
Y = fW,Z, + p)

Step 2a: Compute... Z; =f(W,X+)))

‘ Step 2b: Compute... Y =f(W,Z,+f,)
Step 3a: Compute the partial derivative of the cost
; o~ —~ function w.r.t the parameters f, and W, ...

Vector of ‘ Step 3b: Compute step size...
Step 3c: Compute new values for 5, and W,

Matrix of

Outputs
Z
ny Xk
Input Layer (L) Hidden Layer (L) Output Layer (L,)
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Neural Networks

Gradient Descent
Step 1: Start with initial values for W;, W,, 3;, 5,

Zl =f(W1X + ﬂl)
Y = fW,Z, + p)

Step 2a: Compute... Z; =f(W,X+)))

‘ Step 2b: Compute... Y =f(W,Z,+f,)
Step 3a: Compute the partial derivative of the cost
; o~ —~ function w.r.t the parameters f, and W, ...

Vector of ‘ Step 3b: Compute step size...
Step 3c: Compute new values for 5, and W,

Step 4a: Compute the partial derivative of the cost
function w.r.t the parameters f; and W, ...

Matrix of
0 0
Outputs ——cost ——cost
Z, 0P, ow,
ny Xk
Input Layer (L) Hidden Layer (L) Output Layer (L,)
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Input Layer (L)

Matrix of
Outputs

Z)
ny Xk

Hidden Layer (L)

Zl =f(W1X + ﬂl)
Y = fW,Z, + p)

n2 — 2
Output Layer (L,)
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| Neural Networks
Gradient Descent

Step 1: Start with initial values for W;, W,, 3;, 5,

Step 2a: Compute... Z; =f(W,X+)))
Step 2b: Compute... Y =f(W,Z,+f,)

Step 3a: Compute the partial derivative of the cost
function w.r.t the parameters 3, and W, ...

Step 3b: Compute step size...
Step 3c: Compute new values for 5, and W,

Step 4a: Compute the partial derivative of the cost

function w.r.t the parameters f; and W, ...

0 0
——cost ——cost

Step 4b: Compute step size... op oW,

0
step_sizeg = a—cost X learning_rate
1
. 0 .
step_sizey, = Wcost X learning_rate
1
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Neural Networks

Gradient Descent
Step 1: Start with initial values for W;, W,, 3;, 5,

Step 2a: Compute... Z; =f(W,X+)))
Step 2b: Compute... Y =f(W,Z,+f,)

Zl =f(W1X + ﬂl)
Y = fW,Z, + p)

Step 3a: Compute the partial derivative of the cost
function w.r.t the parameters 3, and W, ...

Step 3b: Compute step size...
Step 3c: Compute new values for 5, and W,

Step 4a: Compute the partial derivative of the cost

function w.r.t the parameters f; and W, ...
0 0

. ——cost ——cost
Step 4b: Compute step size... P oW,
0
step_sizeﬂ1 = ——cost X learning _rate
1
Input Layer (L) Hidden Layer (L) Output Layer (L,) step_sizey = Wcost X learning_rate

1
Step 4c: Compute new values for 5, and W,

p1 = P, — step_sizeg W, =W, —step_sizey
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Zl =f(W1X + ﬁl)
Y = fW,Z, + p)

‘ Matrix of
Outputs

Z)
ny Xk

ny =3 n =4 n, =2
Input Layer (L) Hidden Layer (L) Output Layer (L,)
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| Neural Networks
Gradient Descent

Step 1: Start with initial values for W;, W,, 3;, 5,

Step 2a: Compute... Z; =f(W,X+)))
Step 2b: Compute... Y =f(W,Z,+f,)

Step 3a: Compute the partial derivative of the cost
function w.r.t the parameters 3, and W, ...

Step 3b: Compute step size...
Step 3c: Compute new values for 5, and W,

Step 4a: Compute the partial derivative of the cost

function w.r.t the parameters f; and W, ...

0 0
——cost ——cost

Step 4b: Compute step size... op oW,

. 0 .
step_sizeg = ——Cost X learning _rate

1

0
Step_sizeW1 = Wcost X learning _rate

1
Step 4c: Compute new values for 5, and W,

p1 = P, — step_sizeg W, =W, —step_sizey
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Zl =f(W1X + ﬂl)
Y = fW,Z, + p)

‘ Matrix of
Outputs

Z)
ny Xk

ny =3 n =4 n, =2
Input Layer (L) Hidden Layer (L) Output Layer (L,)

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

| Neural Networks
Gradient Descent

Step 1: Start with initial values for W;, W,, 3;, 5,

Step 2a: Compute... Z; =f(W,X+)))
Step 2b: Compute... Y =f(W,Z,+f,)

Step 3a: Compute the partial derivative of the cost
function w.r.t the parameters 3, and W, ...

Step 3b: Compute step size...

Step 3c: Compute new values for 5, and W,

Step 4a: Compute the partial derivative of the cost
function w.r.t the parameters f; and W, ...

0 0
, ——cost ——cost
Step 4b: Compute step size... op, oW,
0
Step_sizeﬂ1 = ——cost X learning _rate
1
0

Step_sizew1 = Wcost X learning _rate
1

Step 4c: Compute new values for 5, and W,
p1 = P, — step_sizeg W, =W, —step_sizey

Step 5: Go to step 2 and repeat .
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Neural Networks

Gradient Descent
Step 1: Start with initial values for W;, W,, 3,, /5,

Step 2a: Compute... Z; =f(W,X+)))
Step 2b: Compute... Y =f(W,Z,+f,)

Gradient descent continues iteratively until either...

a) the gradient magnitude falls below a specified threshold,
b) the change in loss between iterations becomes negligible,
c) a maximum number of iterations is reached

“ Step_Slzeﬁ1 = ywst X learning _rate
1
ny =3 n=4 ny =2 0
Input Layer (L) Hidden Layer (L) Output Layer (L,) step_sizew1 = W cost X learning _rate
1

Step 4c: Compute new values for 5, and W,
p1 = P, — step_sizeg W, =W, —step_sizey

Step 5: Go to step 2 and repeat
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Neural Networks

Let recap and generalize the equations for Forward and
Back Propagation in Neural Networks
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Neural Networks

Forward Propagation Back Propagation
. 0
Z1 — f( WIX 4+ ﬁl) p, = B, — learning_rate X a—ﬁzcost
0
A\ _ . l .
Y — f( W2 Z1 + ﬁz) W, = W, — learning_rate X _sz cost
0
p = P, — learning _rate X m cost
W, = W, — learning_rate X Lcost
oW,
p. = . — learning _rate Xica t
3= /M3 8— P, \
0
Z1 p— f( W1X -+ ﬁl) W; = W; — learning _rate X _6W3 cost
. 0
Z2 — f( W2Z1 + ﬁz) p, = B, — learning _rate X a—ﬂzcast
0
\/ W, = W, — learning _rate X cost
Y = f(W2Z, + 2= W
4 Layers JW3Z, + b3) o
p = P, — learning _rate X ——cost
op
0

W, = W, — learning _rate X ——cost
1 1 PY1%
Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/) 1 83



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

Neural Networks

Forward Propagation Back Propagation
. 0
Z1 — f( WIX 4+ ﬁl) p, = B, — learning_rate X a—ﬁzcost
0
A\ _ . l .
Y — f( W2 Z1 + ﬁz) W, = W, — learning_rate X _0W2 cost
0
p = P, — learning _rate X m cost
W, = W, — learning_rate X Lcost
oW,
p. = . — learning _rate Xica t
3= /M3 8— P, \
0
Z1 p— f( W1X -+ ﬁl) W; = W; — learning _rate X _6W3 cost
. 0
Z2 — f( W2Z1 + ﬁz) p, = B, — learning _rate X a—ﬂzcast
0
\/ W, = W, — learning _rate X cost
Y = f(W2Z, + 2= W
4 Layers JW3Z, + b3) o
p = P, — learning _rate X ——cost
op
0

W, = W, — learning _rate X ——cost
1 1 PY1%
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Neural Networks

Lets look some Cost Functions...

Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/) 84



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

Cost Function for Linear Regression Neural Networks

For the details on Multiple Regression see
Multiple Regression

Input Layer (L) Output Layer (L)
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Cost Function for Linear Regression Neural Networks

For the details on Multiple Regression see
Multiple Regression

Matrix of
Inputs

Input Layer (L) Output Layer (L)
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Cost Function for Linear Regression Neural Networks

For the details on Multiple Regression see
Multiple Regression

Matrix of
Weights

Matrix of
Inputs

Input Layer (L) Output Layer (L)
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Cost Function for Linear Regression Neural Networks

For the details on Multiple Regression see
Multiple Regression

Vector of
Biases

Matrix of
Weights

Matrix of
Inputs

Input Layer (L) Output Layer (L)
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Cost Function for Linear Regression Neural Networks

For the details on Multiple Regression see
Multiple Regression

Vector of
Biases

Matrix of
Weights

Matrix of
Inputs

Input Layer (L) Output Layer (L)
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Cost Function for Linear Regression Neural Networks

For the details on Multiple Regression see
Multiple Regression

Vector of
Biases

Matrix of
Weights

Matrix of
Inputs
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V= WX+

Cost Function LH Y — f/ H2
Mean Squared Error (MSE) 2k
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Cost Function for Linear Regression Neural Networks

For the details on Multiple Regression see
Multiple Regression

Vector of
Biases

Matrix of
Weights

Matrix of
Inputs

A\

V= WX+

. | n
Cost Function _H Y—-Y H2
Mean Squared Error (MSE) 2k
. | n
Cost Function _H Y—-Y H
Mean Absolute Error (MAE) k
Input Layer (L) Output Layer (L)
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Cost Function for Binary Classification Neural Networks

Logistic Regression

For the details on Logistic Regression see
Logistic Regression

Input Layer (L) Output Layer (L)
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Cost Function for Binary Classification Neural Networks

Logistic Regression

For the details on Logistic Regression see
Logistic Regression

Matrix of
Inputs

Input Layer (L) Output Layer (L)
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Cost Function for Binary Classification Neural Networks

Logistic Regression

For the details on Logistic Regression see
Logistic Regression
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Matrix of
Inputs
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Cost Function for Binary Classification Neural Networks

Logistic Regression

For the details on Logistic Regression see
Logistic Regression
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Matrix of
Weights

Matrix of
Inputs
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Cost Function for Binary Classification Neural Networks

Logistic Regression

For the details on Logistic Regression see
Logistic Regression

Matrix of
Weights

Vector of
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Matrix of
Inputs
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Cost Function for Binary Classification Neural Networks

Logistic Regression

For the details on Logistic Regression see
Logistic Regression
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Matrix of
Weights

Matrix of
Inputs

Y = 6(WX + )

Cost Function

[ { ) )
—— ) ylog,$ + (1 —y)log(1 - $)
n =1
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Cost Function for Multi-Class Classification Neural Networks

Input Layer (L) Hidden Layer (L) Output Layer (L,)
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Cost Function for Multi-Class Classification Neural Networks
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Cost Function for Multi-Class Classification Neural Networks

Input Layer (L) Hidden Layer (L) Output Layer (L,)
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Cost Function for Multi-Class Classification Neural Networks

Input Layer (L) Hidden Layer (L) Output Layer (L,)
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Cost Function for Multi-Class Classification

nO — Ifll —
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Cost Function for Multi-Class Classification Neural Networks

Cost Function

k n
- Z Z (v log.y)

j=1 i=1
Input Layer (L) Hidden Layer (L) Output Layer (L,)
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Related Tutorials & Textbooks

Neural Networks 7

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 / layers with n neurons

Multiple Regression €7

Multiple regression extends the two dimensional linear model introduced in Simple Linear Regressionto k + 1
dimensions with one dependent variable, k independent variables and k+1 parameters.

Gradient Descent for Multiple Regression €7

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

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