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Train a Neural Network in TensorFlow

import tensorflow as tf

( ‘ o from tensorflow.keras import Sequential
Q from tensorflow.keras.layers import Dense
O r ) model = Sequential ([ @
: 3[1] O 5’[2] 3[3] Dense (units=25, activation='sigmoid’)
* — — — Dense (units=15, activation='sigmoid’)
O Dense (units=1, activation='sigmoid’)
O 1 unit ) ] .
e/ from tensorflow.keras.losses import
—/ 15 units BinaryCrossentropy
25 units model.compile (loss=BinaryCrossentropy () ) @
Given set of (x,y) examples model.fit (X,Y,epochs=100)

epochs - number of steps

_ . . 5
How to build and train this in code- " gradient descent



®

specify how to
compute output
given input x and
parameters w,b
(define model)

fwp () =2

@ specify loss and cost

L(fw’b(i), y) 1 example

m

- 1 o .
160 = L(fp(EO)y© )

=1

@ Train on data to
minimize /(w,b)

logistic regression

z = np.dot(w,x)+ b

f x =1/ (l+np.exp(-2))
logistic loss
loss = -y * np.log(f x)

-(l-y) * np.log(l-f x)

w =w — alpha * dj dw
b =Db - alpha * dj db

Model Training Steps

neural network

model = Sequential ([
Dense(...)
Dense(...)
Dense(...)

1)

binary cross entropy

model.compile (
loss=BinaryCrossentropy())

model.fit (X, y,epochs=100)



1. Create the model

define the model

) =?

£(X)

import tensorflow as tf
from tensorflow.keras import Sequential

from tensorflow.keras.layers import Dense

model = Sequential ([
Dense (units=25, activation='sigmoid’)

Dense (units=15, activation='sigmoid’)

Dense (units=1, activation='sigmoid’)

O — V—v>£2]’b£2]_>[2] o[3]
A T 12 r—4a 1)
O —>‘ . _|W£3],b£3]_>
N —
Il e o
Wys ., bys h—
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2. Loss and cost functions

m
Mnist digit

binary classification W B 212 LF (D) 4@
classification problem J(W, B) m (FG2).5)
~ T =
L(F(D,y) = =ylog(f(:)) = (1 = )log(1 - /() wil wi wid 5 piz p 'FV\/ 2 ( )
Compare prediction vs. target
logistic |oss
also Known og binary CrISs entropy
model . compile (Loss= BinaryCrossentropy ()) from tensorflow.keras.losses import
_ BinaryCrossentropy
regression

(predicting numbers mean Siuar‘ed errovr

and not categories) from tensorflow.keras.losses import

model .compile (loss= MeanSquaredError () ) eanSquaredError



3. Gradient descent

N
](W) \\: minimum
\ \»
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w
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a“ -l;; mnd b

repeat {

0
b _ —
Wi =W, a aWj](w, b)

0
[ _ 0 _ —
bj = bj aab](w, b)

} Compute derivatives
for gradient descent
us l‘y\j "back propag ation?

model.fit (X, y,epochs=100)



Neural network libraries

Use code libraries instead of coding “from scratch”

® Tensor O PyTorch

Good to understand the implementation



Activation Functions

Alternatives to the
sigmoid activation



Demand Prediction Example
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Examples of Activation Functions

“No activat on 'FUY‘C‘l'!‘O‘Y\ v agl] = g(wgl] - X+ b[l])

Linear activation function Sigmoid ReLy Rectified Linear Upit
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@) Output Layer
attl E _aﬂ@ f() Choosmg g(2) for output layer?
O

9
O

F)= oy -9(
Binary classification Regression Regression
Sigmoid Linear activation function RelLU
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— Hidden Layer
Q fl[_z],@ Bl = f®) _ Choosing g(2) for hidden layer
O

.
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Choosing Activation Summary

—) —)
X O Gl Q aﬂ@ all =1
—] i | >

O] |10

—/ —

ReLU hidden layers

from tf.keras.layers import Dense

model = Sequential([
Dense(units=25, activation='relu'), loyenrl
Dense (units=15, activation='relu'), lm\/&f")

Dense(units=1, activation='sigmoid") |N{,p5

1 | ,
or lnear
or  'pely!

binary class! Ly ention

activation="sigmoid'
(‘egrecs'\ on Y ‘“53“_1'?/¢/
‘,,g\f\\/c

activation='linear'
p¢3p¢ss\'a»’\ Y >0

activation='relu'



Why do we need activation functions?

)
@ affordability
awaren top seller?
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@ perceived quality 1

if all g(z) are linear... ...no different than linear regression




Linear Example
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Multiclass
Classification

Multiclass



MNIST example

YV\()\\‘l'iclO\SS c_\o\ss;-c\'Ca‘k"OY\ Pr‘oblem:‘
target Y can take on more than twe possible valves



Multiclass classification example
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Multiclass
Classification

Softmax



Logistic regression
(2 possible output values)
Z=W-X+b
0\
X a,= g(z) = —= =Py=1R)

Oa*|-ay = pPy=0IX)

0-29

Softmax regression

(N possible outputs) yz4,2,3.,M

WLI W;, c0es J WN

Parame‘(’cf‘:zj ba, b, cee, bN
a = =P(y = j|x
1SS n (y =%

note: ay %24...'* an = 1

Softmax regression (4 possible outputs) (\,=|,2,3,4
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Logistic regression

Z=W-X+b
-9 = ;
a, =gz =17 oz =P(y =1|x)
e

Clz:l—al =P(y=0|§)
- HO\

f-"“'é_\

loss = —yloga; — (1 —y) log(1—a,)

e~ k. v/ -’

J(W, b) = average loss

Cost

Softmax regression

e’ .

a = =P(y =1[%)
e?1 + e%2 + - + e%N

: o P(y = NI

= = — X

aN ezl +eZZ +-..+eZN y
Crossentropy loss (
LA loss(ay, ...,ay,y) = < —logaz. ify =2




Neural Network with Softmax output
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25 units  15units 10 units  |0gistic regression
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MNIST with softmax

<::>specﬁythernodel import tensorflow as tf
Forp () =2 from tensorflow.keras import Sequential

from tensorflow.keras.layers import Dense
model = Sequential ([
Dense (units=25, activation='relu')
Dense (units=15, activation='relu')
Dense (units=10, activation='softmax')
@ specify loss and cost ) ]

L(fwﬁ(ihy) from tensorflow.keras.losses import
SparseCategoricalCrossentropy

model.compile (loss= SparseCategoricalCrossentropy () )

Train on data to model.fit (X,Y,epochs=100)
minimize / (w, b) Note: better (recommended) version later.



Is there a bus? no Y=|0
|

Is there a car? ves [ '
Is there a pedestrian 7¢&s



Multiple classes

X 1] (2] =[3] X =[1] (2] 2[3] X O ;1] O ;2] 3[3] .
i»i» car i»if bus —»‘O\L‘J“——@ﬁ pedestrian

Alternatively, train one neural network with three outputs
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Gradient Descent

Wi = W; —a—](w b)

t le,ar‘r\l ng) rate
A A
m;v\\ﬂ‘\)«\
J(w, b) W, J(w,b)
\ 1)
> Adam >

Wi Start

algar\iﬂlm

Go faster — increase o

Go slower — decrease o



Adam Algorithm Intuition

Adam: Adaptive Moment estimation net justone o
\ ) —

Wi =W, — “1aw J(w, b)

Wio = W10 — 19

awml(v_’v, b)
b=Db—ay2]W,b)



Adam Algorithm Intuition

A A
m;v\\m\)m
Wy J(w, b) W, J(w, b)
> = >
W1 S‘tao(“l' W1
If w; (or b) keeps moving If w; (or b) keeps oscillating,
in same direction, reduce «;.

inCrease a;.



MNIST Adam

model

model = Sequential ([
tf.keras.layers.Dense (units=25, activation='sigmoid")
tf.keras.layers.Dense (units=15, activation='sigmoid")
tf.keras.layers.Dense (units=10, activation='linear')

1)

: —10 3
compile =10 "=0.001

r—_"—\
model.compile (optimizer=tf.keras.optimizers.Adam(learning rate=le-3),
loss=tf.keras.losses.SparseCategoricalCrossentropy (from logits=True))

fit

model.fit (X,Y,epochs=100)



