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Chapter 2: Building Neural Network from Scratch

1. Shallow neural network
2. Deep neural network

3. Building neural network: step-by-step
(modulation)
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Biologically inspired (akin to the neurons in a brain)

NEURAL NETWORK MAPPING
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Artificial Neurons and the McCulloch-Pitts Model (1943)
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Schematic of a biological neuran.

W. S. McCulloch and W. Pits. A logical cauls of the ideas immanent in nervous actvy. The bullein of mathematical

biophysics, 5(4):115-133, 1943,
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What is a Shallow Neural Network?
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Previous Lecture Overview One hidden layer Neural Network
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Previous Lecture Overview Vectorizing across multiple examples
for i = 1 to m:
A0 = ylil® 4 pial

) = 5110y

[ / (210 = w210 4 2
z! a! +b
X= |0 4@  xm /
\ \ a0 = (;20)
| ‘ ‘ \ 210 = wlily 4 pi1
(1] ]

Al = gzl
‘ ' ‘ 212 = 24l 4 pl2]
A2 = 712y
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Previous Lecture Overview Gradient descent for one hidden layer
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Previous Lecture Overview Vectorizing Gradient Descent

22 = gl2] — 2] = gl2l —
dz a ¥ Az A ¥ K= 12
AW = dzl2lghl” AWl = L gz A0
1
dbl2l = dz[2 dbl7) = —np. sum(dZ?),axis = 1, keepdims = True)

dz" = WiITazl2l o g1zt 4zl = izl gzl « glirgzisly
dw il = dzlilx™ daw'l =i:(2l'le

1
dbll = dzlt dbl1) = —np.sum(d21V, axis = 1, keepdims = True)
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2. Deep neural network Deep Learning???

e sides are provided by Minhhuy Le, ICSLab, Phenikaa Uni
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2. Deep neural network Multiple layers
X1
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These sides are provided by Minfihuy Le, ICSLab, Phenikaa Uni
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2. Deep neura| network Notations in Deep Neural Networks

« #layers=L=5

« nlYl = #units in layer {
+ nl=3,nlRl=5 nBl=4 nl# =2 nlbl=nltl=1
PR o5 NP

alll = g[ll(z[l])

wl = weights for computing z[!

blY = bias for computing z!

al®l =X (input)

alll =  (prediction output)

e sides are provided by Minfihuy Le, ICSLab, Phenikaa Uni
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2. Deep neural network Dimensions of vectorized implementations

For one single training example:
210 = wlligh-11 4 pl
(0l 1) = (a0, nl=17) xc (=1, 1) + (lt), 1)

For a vectorized implementation over m examples
210 = Wl Al=1] 4 pl
(%, m) = (a0, nl=1) x (a1, m) + (nl, m)

Matrix Dimensions

Z10, Al bl G711, gAlt] gl ol m)
wi, qwd (nlt, nlt-11)
vided by Minhhuy Le, 1CSLab, Phenikaa U
2. Deep neul’a| netWork Building Blocks of Deep Neural Networks

layeri
a1 — Wl e gl

Cache: 2l

7l i
a1l "’W‘I‘“I] dak!

= Focus on some layer . parometers include
wlfl, plf —

ation

vt gplt

2. Deep neural network Forward and backward functions
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~ 2. Deep neural network

Input: alt=1
Forward Propagation:
« For single example:

210 = wlllgl=1] 4 pll gl = gltl,lty

« Vectorized version:

ZW = wligli=1 4 pl, gl = gl (zIy

Output: al
Cache: z!4, wl pltl
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~ 2. Deep neural network

Inputs: dal¥l, zIU, w1, b1 (last 3 from
cache)
Outputs: dalt=1, awl, ap!!
Backward Propagation:
For single example ,
dz1 = dalt « gl (210
dAwlll = gzl gli=1]
dplll = gzl
dalt=1 = wlir g,
dzll) = WlHIT g 1] gIzl’(thl)
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~ 2. Deep neural network

Parameters: W11, p(1] w2l pl2]

« Hyperparameters

Learning rate: «

Number of iterations

Number of hidden layers or L

Forward Propagation for DNN
PHENIKAA
—~
Backward Propagation for DNN
PHENIKAA
UNIVERSITY
Vectorized implementation
dzll = galn ,g[l]’(z[l])
awlt = L gz, qu-ur
m
1
dapll = Py sum(dZ, axis = 1, keepdims
= True)
dAl-1) = wliT gzl
~
Parameters vs. Hyperparameters
i

Number of hidden units in each layer: n!t,nl2], ...

the next Chapter)

Choice of activation function: sigmoid, ReL U, tanh, etc.
Momentum, mini-batch size, regularization parameters, ... (in
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2. Deep neural network Summary of Forward/Backward Computations
7111 = wlily 4 pl1] dzIM = Al _y
Al = gl (z00y awlil = L gzt gur
ZI2] = w2141 4 pl2] m
ALz = glzl(z12ly dbltl = 2 sum(dZ¥), axis = 1, keepdims = True)
: dzIt-1 = aw L qgz1t g 1H (zIL-11y
Al = gl (z1) = ¢ :

a4zl = qw i gz121 11 71y

Forward Propagation awl = - dzgn”

1
dpll = P sum(dz!Y, axis = 1, keepdims = True)

Backward Propagation
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~ 3. Building neural network: step-by-step (modulation)

On Assignments
Coding time !
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