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Coding time

First the numpy Python library

Jupyter notebook demo

Next Coding our first layers together
from scratch

very heavy inspiration from the

Neural Networks from Scratch
book








































































New Activation Function Softax
Turns a vector of s into a probability
distribution
a vector of s in Toil that sums to 1

Useful for the outputlayers in a classification

problem
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Unlike our other activation functions Softmax
works on the whole vector at once not one
value at a time individually

0beginmatrix12vdots9endmatrix softmaxwhere
Ssum_i1keXibeginmatrixX1X2X3vdotsXkendmatrixrightarrowleftbeginmatrixex1sex2sex3svdotsexksendmatrixright

1,3 2 jun 6

481 sum to

1Obvious
these add up to 1 because the denominator

is their sum
Obviously 0 because ex0






































































Ex

enicefrac081206enicefrac71206

1234 softmax
184 chance

the digit is
a 4

0leftbeginmatrix080703010805endmatrixright
56789 0203006

leftbeginmatrix0037004101110091018401360101006100820150endmatrixright
sum_i09exiapprox1206






































































Numeric Stability because ex gets big

let mmaxleftoverrightharpoonxright

Them do

fraceximsum_j1kexjm

all components
leq0

fraceXiSigmaeXifraceximsum_j1kexjmfracfracexiemsum_j1kfracexjemfracfrac1emcdotexifrac1emcdotsum_j1kexj

Let's add this as a new Activation Function
class






































































Batching

So far we've done the linear algebra and
coding for feeding forward one input vector
at a time.one input vector

ignoringactivation
functions

leftbeginmatrix0108030107020506endmatrixrightleftbeginmatrix0407endmatrixrightleftbeginmatrix01020108endmatrixrightleftbeginmatrix07039024058endmatrixrightleftbeginmatrix030802030201050207040710endmatrixrightleftbeginmatrix07039024058endmatrixrightleftbeginmatrix040307endmatrixrightleftbeginmatrix072400370598endmatrixright

03o207on 0.7240.1

leftbeginmatrix010805endmatrixrightleftbeginmatrix072400370598endmatrixrightleft02right
0.4 D

0.4

0801odot40.39
080.037

on 0.2 060100.20.30.7 05 020.24
0.1 0.59810left0601right 0.7058
0.8






































































Numpy does vector calculations faster than
individual number calculations

In the same way it does matrix calculations
faster than one vector at a time

We can feed forward many input vectors
simultaneously by making are big matrix with
many
columns.Let
leftbeginmatrixoverrightharpoonv1overrightharpoonv2overrightharpoonv3endmatrixright denote the matrix with columns

overrightharpoonv1overrightharpoonv2overrightharpoonv3

Fact

Mcdotleftbeginmatrixoverrightarrowv1overrightarrowv2overrightarrowv3endmatrixrightleftbeginmatrixMoverrightarrowv1Moverrightarrowv2Moverrightarrowv3endmatrixright






































































leftbeginmatrix0108030107020506endmatrixrightleftbeginmatrix040108070206endmatrixrightleftbeginmatrix010101020202010101080808endmatrixrightleftbeginmatrix070703039015038024007078058087156endmatrixrightleftbeginmatrix030802030201050207040710endmatrixrightleftbeginmatrix070703039015038024007078058087156endmatrixrightleftbeginmatrix040404030303070707endmatrixrightleftbeginmatrix07240816141800370120304059802081464endmatrixright

left010805right leftbeginmatrix020202endmatrixrightleftbeginmatrix0601008160147endmatrixrightbeginmatrix07240816141800370120304059802081464endmatrix
03o20701 0724010.4 0D03 0x

backslash

0.4

0801odot4039
on

080.03702 06o1050.20.30.7 oz 05 020.24

0.1 0.598

1.00.7ignoringactivation functions 058
0.8






































































0.7
0.4

0.7240.1

0.4
0.39 010.1

0.2 0.037 0.8

0.7 z
0.601

0.24
03

05 0.2

0.598

o o
o 8 0.816

058
0.4

0.8

0.12 0.8

0.2 t.us 0.0816

0.07 oz
3

05 0.2
1 0.208

Three inputs fed 0.87 7

forward all in one
0.8 1.418

calculation 0.4
0.38

0
01

0.2 0.304 0.8

0.6
0.417

0.78
0.3

05Could pass all 60,000 0.2

1464

MNIST digits through to 07

in one calculation 0






































































Let's update our code to support batching






































































Let's update our code to support batching

Big speed update






































































Demo Training on MNIST in

browser

Use in our new classes

to predict digits


