











































































































Deep learning in a Nutshell

today
il linear regression
2 logistic regression
3 neural networks

a fully connected layers
b convolutional layers

recall MC problem i

1 data I
2 model 0 t

go 0 model params
3 cost function

go o E II go
evaluates how well the model works on the data

decompose data I training V test

e training data Get determine
optimal

021test data Iset evaluate the
final model

y
performance














































































































train n test

3 validation set HW reviewMehta et al

Linear Regression

example current I

1 41 get a measurement of
c current I at a fixed voltage Vvoltage V

Ii villi u measurements

want to know the dependence bln V R I
assume a model Vi go Ii

model paraerstrainable learnables
eg go.CI o I o is some proportionaity

const resistance
or go.CI O I2

or go.LI Oo t Oe I t Q IZ E Coo E 02

go.is linear function of E
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more generally p variables 1 7 2 xD I

E HEH yi
costume for linear regression

EH I
j yi go.CM 2Leastsquare1oss

linear regression go Fil E't El il

E'c IRP
can find exactly analytically the

optimal parameters 0 which minimize
F lot HW review

problee applying GD ay
fine tune

the optimal 0 to the training data
ble test data is not used for training
testing line evaluating model g
on Test data wait work well

ovyfiling

s














































































































zegularization want to avoid forever't
overfilling

a I regulanIer add HER to cost function

F lot I
j yj got HY't I 1 0722

HEHE TE ai E't E

J regularization strength hyperparaneler

one can still find exact solution for
optimal Q Ridge regression

b regularize add HE'll to cost function

F lot I II yj go.CI It SHE'll

HE'll If I
enforces sparsity of F ie only
a few of E will be non zero

for p ti nos L A




















Rink ily i c IR continuous variable

2 in RL if we want to learn approx
to Vt or fit then we can regress
on Bellman error rent V Ste VA

classification

yi are discrete e g only take values
from in O t M

where Al number of classeskalegories
example binary classifier tell if an

image is showing a cat or a dog

J



Perception model

def s htt E t b E't p
j y t E la b

params of model E 1

go Hj Ifigulsj t 1 o if g so

Hsl flight1 1 if Sj 20
i p1 two categories

s

use linear regression

noble make large mistakes whenever

Sj 20
idea mislead of learning lubes 10,13

1ea probability for a data paint
xj to in category o or 1

then classification

fpred arguax
ji eakp.ie

Ply ji x a

G



Logistic regression
smoothe out sign function

def sign sigmoid

sigmoid ols Fermi Dirac
distribution

detp
g txt o slot E

E

P ye ol i f L Ply III 01 1 alotxi

cost function crosetropf lose
1 piabels delta functionprob deterministic

know label with certainty
2 Pdata P yi lxi off Xi

unknown parameters

goal find a s t pads a Pdata

def distance on space of distributions
Kullback Leibler divergence

Dnc PlabelsHPdata I openlabels beg on data



Dice platesHpdata
iudep.io

Z pm labels log pm labels Pmilabels logPmdata

minimize Dice w n f D

crossetropy lose
Elo T.LIsopm.labelsCxj bgpu.datalxj
only two
classes

jzyjlogolot.xjltfl yilb.glI alotg
use GD or ADAM to find optimal f

x regression
what if we have more than two categories

exemple MNIST problem
classify hand written digits
IF 13 Ds

classify each hand written imageinto its category i e the
which digrt is shown on image

a total of 10 digits O e g M lo
p



want to generalize logistic regression
exemple statistical mechanics
M consider a two slate system

coupled to a thermal bath F p Y

yin Lo e with energies to Er

1 E find the probability for

o e
system to be in state yi

Ply i i
e PE 1

e Pate 1371 I te BAE

plyi o
eP 1

e Pto t e PEI y t e AE

DE E to sigmoid

back to soft wax

dot tending
0 I 0 1 2

L I i te t t
1,0 0,1J 1 O O 0,1 O 0,0 I

Al L g



yj Jj yju
e 1913

u O M l

ax prod E Em
classes

Plyin 11 x'i off e
EE Ei

EI I'i
datapfinthialegoy Z e

m O

costfunction cross entropy

F lot JI yjmlogplyju ilxj.IE 3
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Neural Networks

recall
linear regression logistic regression

y w x b
y

o w x b

graphical representation
Xo w

Xo o Wu

x b b sigmoid

y
w s I

i t y o wxtb

g
WP xp

T neurons

regression is logistic regression
a single layer neural a single layer NN
network w o activation with a sigmoidfunction activation function
DNNwhich are linear
model linear regression

H



issues
e linear regression what it true model is

go
ew actually non linear

f lot truemodele g

design non linear features by hand
recall go to t th I t AIL
Hand

we'd like to beable to learn features ie
determine features variationally
need a nonlinear model leg sigmoid

2 cannot learn come.la s between
values of input neurons with a single layer

idea add another layer of neurons

Deep www.a orkCDN N

idol input data layerw b
go f wijxj't bi t

4 x f w xj t b
a

xd x x i

Il
I



W weight matrix of lager e

b bias vector of lager e

f'll non linearity lactivation function
at layer

lygrqdaq.de

how do we find parameters 7

e well b Be
if y

e IR is continuous
D NN

least square loss Elo f 2 yj gtolx.PT

if y
c Z is discrete

cross entropy Elo
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to do G D we need partial derivatives
OE

Twice
i GET use Badeprepegation

review Chapter g

there exists a theorem expressivity theorem
which states that one can approximate

any
function with a single layer

nonlinear neural network provided
that the layer can be arbitrarily wide
line of neurons can go to infinity
Dnv's are called universal approximations

outlets
how can we capture
spatial correlations
in the data

idea consider so called
fillers r local maps
over input of sire
F x F titer size

wide Isnt Finest I F

filler trainableHearnable
13
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