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MOTIVATIONS

In recent years, machine learning(ML) is extensively used in the field

of science and engineering for supervised and unsupervised classifi-
cation.

» The Artificial Neural Network (ANN) is an area of machine
learning with the many hidden layers.

» Machine learning involves a cost function for the
quantification of the expected outcomes.
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MOTIVATIONS

» Deeplearning procedure based on a particular type of
feedforward network is called the Convolutional Neural
Networks (CNN) which was invented by LeCun (1998).

» Convolution, which is a popular array operation that is used in
various forms in signal processing, digital recording, image
processing, video processing, and computer vision.

» CNN automatically builds hierarchical features extractor
(filter) that have enough layers to perform better than defined
application specific feature extractors.
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Figure : Biological Neuron
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Input Layer

Hidden layer 1

Hidden layer 2

Figure : Dense Network
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Artificial Neural Networks

» Hebbs Rule

» McCulloch-Pitts

» Perceptrons

» Dense Neural Network
» Activation Functions
» Cost functions

» Gradient Descent/ Forward Propagation/Backward
Propagation
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Perceptrons

In case of the perceptron learning rule, the learning signal is the
difference between the calculated output and actual (target)
output of the neuron. The output Y is obtained on the basis of
the net input calculated and activation function being applied over
the net input yin = b+ > 1y xiw;

1 if yin>0
y=Ff(yn)=q 0 if —0<yn<90
-1 if }’in<—9
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Logic AND function implementation

H = O o X
—_ o oX
o ooX

: :
Fundamentals of Artificial Neural Networks and Convolutional Neural Networks
0




MOTIVATIONS Artificial Neural Networks Identification of Hot Dog Convolutional Neural Networks (CNN)
: :

Logic AND function

Let us consider 0 =0, = 1, y = b waxg F woxo

x1 x t Nety,ym, y Awi Awy Ab wi wy, b
0 0 O

1 1 1 0 O 1 1 1 1 1 1

1 -1 -1 1 1 -1 1 -1 0 2 0

-1 A1 2 1 1 -1 -1 1 1 -1
-1 -1 -3 -1 0 0 0 1 1 -1

Table : EPOCH-1
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Logic AND function

x1 x t Netyyym y Awi Awy Ab wi w, b

1 1 -1
1 1 1 1 1 0 0 0 1 1 -1
1 -1 -1 -1 -1 0 0 0 1 1 -1
-1 -1 -1-1 0 0 0 1 1 -1
-1 -1 -1 -1 0 0 0 1 1 -1
Table : EPOCH-2
Final weights are: w3 = 1,wy, = 1 and bias b = —1 then we have
y=-1l+x+x
oy 3 = E =
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Multi-layer Perceptrons:Logic XOR function

The XOR function is given by y = x15 + X1x2 i.e. y =21 + 2z
where z;1 = x1 X and zop = xyx2. Let wi; = wp; = 1, threshold=1
and learning rage o = 1.5. We update weights as

X1 | X2 |y
0|01|O0
wij(new) = wjj(old) + a(t — output)x;. 0|11
1101
11110
X1 | X2 Z1 X1 | X2
0]0]O0 0|0
Tables for z; and z are givenas: | 0 | 1 | 0 |, 0|1
11011 1|0
1111]0 1)1
= = = =
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Logic XOR function

Z1 = Wi1X1 + Wo1xp

x1 x2 t Netziy, zz wir wn

1 1

0O 0 O 0 1 1 1

0 1 0 1 1 1 -05

1 0 1 1 1 1 -05

1 1 0 05 0 1 -05
Table : EPOCH-1
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Logic XOR function

Z1 = Wi1X1 + Wo1xp

x1 x» t Netzy, zz w1 wo
1 -05
0 0 O 0 O 1 -05
0 1 1 0 0 1 -05
1 0 0 1 1 1 -05
1 1 0 0 0 1 -05
Table : EPOCH-2
Weights are: wi; = 1, wp; = —0.5 then we have z; = x3 — 0.5x
=
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Logic XOR function

Zp = WipX1 + WaoXp

xg xo t Netziyy, z1 wia wx

1 1

0 0 O 0 0 1 1

0 1 1 1 1 1 1

1 0 0 1 1 -05 1

1 1 0 05 0 -05 1
Table : EPOCH-1

: :
Fundamentals of Artificial Neural Networks and Convolutional Neural Networks




MOTIVATIONS Artificial Neural Networks Identification of Hot Dog Convolutional Neural Networks (CNN)
: :

Logic XOR function

Zp = WipX1 + WaaXxp

x1 xo t Netziyp, 2z wia wx

-0.5 1

0 0 O 0 0 -05 1

0 1 1 1 1 -05 1

1 0 0 05 0 -05 1

1 1 0 05 0 -05 1

Table : EPOCH-2

Weights are: wip = —0.5, wp; = 1 then we have z, = —0.5x; + x»
o = = = =
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Logic XOR function

X1 | X |21 |2 |Y
0|0, 0]0)]0
Yy =wviz1 + vz, oO(1]0|11|1
10110 1
1]1[0]0]0
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Logic XOR function

Zp = wi2X1 + Waoxo

z7 zo t Netyjjn ¥y vi v

1 1
0 0 O 0 0 1 1
0 1 1 11 1 1
1 0 1 11 1 1
0 0 O 0 0 1 1

Table : EPOCH-1

Final weights are: v; =1, v, =1 then we have y = z; 4+ z Hence,
we have W11 = 1, Wo1 = —0.5, W12 = —0.5, Woo = 1 and
vi=1Lwn=1 o <& =
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Example of Dense ANN:

Classification of C or D using Dense ANN
[oJo]o] (0] 0]
(oJo]o] (0]0]
o] [o]

C D

X0 XL x2 x3 X4 x5 x6 X7 xB x9 X10x11x12 X13x14 x15 Input

(o] [oJoToefo]e]o] c
[l o 0] [o]o] [0] D

[0] [0] [0] [o]0] [o] 1" Layer
Lofo] (0] [o] [o] (o]
al2 als ala als al6 al7

alo all

[o] [o]0] [o]o] [0] [o]o] 2 Layer
[o]o] (o]o] jo]o] iolo] |o]o] (olo]
[o]o] [o] [o]o] [o]o] [o]
a20 a21 a22 a23 a24 a25

1D convolution, calculation

[2l1[ET7Te e o o 2 1 2T 6] X
L) — — - w
10]23|32|33]|40]47]41]|22] 9 |13 Y
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Convolutional Neural Networks

» Convolution is an array operation where each output data
element is a weighted sum of a collection of neighboring input
elements.

» The weights used in the weighted sum calculation are defined
by an input mask array, commonly referred to as the
convolution kernel.
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Convolutional Neural Networks (CNN)

2D Convolution
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2D Convolution

P
45|67
M 5|16 |78
4 6(7]|8]9
4 M 7 |8|5]|6
6[7|8|5|6]7
Tl ozl B g e
gl9fof1]2]s3

Source: Kirk,D.B.,Hwu,W.W.(2012).Programming Massively Parallel Processors: A Hands-on
Approach.Netherlands:Elsevier Science.
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Convolutional Neural Networks (CNN)

2D Convolution filter banks
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Thank You!
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