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SUPERVISED LEARNING WITH NEURAL NETWORKS
IN ONE SLIDE

X Y

DATASET List XxY

ODOGis
LABEL

NPI Y Y
NEURALNETWORK
WEIGHTS

3 I I

3 u

PREDICTIONY
a

one
LOSS R

0.5DOGOnIorse














































































































LOSS

I GRADIENT DESCENT

OPTIMIZER

NN IS COMPUTATION PARAMETERIZED BY WEIGHTS

BACKPROPAGATION OFCHANGES

PARAMETER UPDATE OPTIMIZERS

NEURAL
LINEAR LAYER

NETWORKS BIAS TERM
ACTIVATION FUNCTION
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PLAN FOR TODAY

TAKE A BIRD'S EYE VIEW OF NEURAL NETWORKS
Q

TRACEOUTTTHETNFORTATIONFLOWLABOYE

PRECISELY WRITE DOWN ALL THE HIGHLEVEL NOTIONS

IN ISOLATION
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PARAMETERIZATION PARA
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DIFFERENTIATION
CARTESIAN FORWARD DIFFERENTIAL CATEGORIES

Blateet al
CARTESIANLEESE DIFFERENTIAL CATEGORIESKRDC

lockett et al
DEFINITION

CRDC E is a Cartesian leftadditivecategory which
for every map
FA B

has a REVERSE DIFFERENTIAL COMBINATOR
compareRAJAB A DAIAxA B

subject to 7 axioms

EXAMPLE Smooth is a CRDC Pola IS A CRDC

EXAMPLE Let a.fi B g
Smooth

Then RATRIR R
x y w 2xw3xw

PLAN STUDYCRDC'S THROUGH OPTICSLENSES














































































































OPTICS LENSES
DEFINITION Let Elea SMC Category Opticle
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OPTICS CAN BECOMPOSED

730POSITION Article is symmetricmonoiolol
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BACK TOCRDC's

fA B get
RIDAxB A

MAP OF A LENS
put MAP OF A LENS

PROPOSITION
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PARAMETERIZATION

NEURALNETWORK
WEIGHTS

3
1 I
3

Fix a SMC Gox I
DEF Bicategory Powale

Objects objectsof.IEEEEntsAEEBBPowae AB feelpout13
Lcells are reparameterizations a Lcell A B

is a map Q P suchthat
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EXAMPLE

lset.x.tl SETS AND
Paralsett PARAMETERIZED FUNCTIONS

Smooth x 1 EUCLIDEAN SPACES AND
Paralsmooth PARAMETERIZED SMOOTH

FUNCTIONS

Optik 1 PAIRS OF OBJECTS AND
Paraloaticted PARAMETERIZED OPTICS














































































































GRAPHICAL LANGUAGE

TEXTUAL
STANDARD 212

NOTATION STRING DIAGRAM STRING DIAGRAM

P up
B

f P A B f A
f 1,3

A
Q

or
Hel P

B up

A Hr B t A B
a s f s

LQ.gl A
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RECAP
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2 2 11223 3
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Roma IS NATURAL WITH RESPECT TO BASECHANGE














































































































DEFINITION

Let G E D be a symm monoidal functorWedefine

Para6 Bora e Pora D
A GA

Rell
Bi o

where f is the composite

GP06 A G Pat 6113

MORE
Para IS RICH INCATEGORICAL STRUCTURE
Cokleisli categoryof a gradedcomonad
Double category
Adegorical Para



PARAMETERIZED OPTICS
e Opticle Paralopticle

Objects objects of Opticle pain Y in e

Morphisms Y Yy where f 11 Y
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M C x u at y
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GRADIENT DESCENT IS A 2cell IN Parabolic et
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THEOREM
APPLYING Pam.TOTHE CRDC FUNCTOR

e Quite
RESULTS IN A FUNCTOR

Parole Pdt Paralopticle
P

x v f 1 7 x u at y
I y

FUNCTORIALITY IS IMPORTANT

EXAMPLE ANEURAL NETWORK ALOSS FUNCTION
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DEEP DREAMING
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https://github.com/statusfailed/numeric-optics-python/
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