

































































Msettsh.tn
eEtTrs functions sums integrals derivatives

Yotivations Supervised Learning Learning from a

rympemsald.ba chof11eddata

of rooms price Predictor function f
2 200

4 590 input of rooms
3 350
7 970 output price

Experience
Learning

knowledge

formalize

Programs Algorithms

ntfunctionsY

Dataset
Learner Predictor
function Model

tuple of tuples Hypothesis

function



D 11,41 xn̅ yn f Y

DE Xxy f a function from features
to labels

D n feature label pairs
E 200 100 X R Y R

set of d dimensionalfeatures

3 set of labels targets A Xxy f f X y

features 1915

x ̅ Xin Xia y
A a function from datasets

2 Xii Xu
T 42 to predictors

ACD F where f X 79
In Xun not Yu

Xi EX Rd yiey R

flxj.fi
if x xi for some ieel.am
Picki tobelowestindex

iest in
0 otherwise



SET a collection of distinct and unordered object

Ex 0 1,2 0,1 2,2 cat dog dog cat

IN 0 1 2 natural numbers

R real numbers empty set

variablesassets.ir X Y Z

EI X 0 1,2 r cat dog

Idiality size of the set countably uncountably infinite
infinityinfinite

Ex 1 1 3 121 2,101 0 INI IRI Fun fact
IN IRI

sets If you can list all the elements
in the set

EI.it EIi nonote.momi s

XEN X is even 0,2 4,6

EtablyInfniteset Not countably infinite
R uncountably infinite R 0 0.0001 0.0002

0,900 uncountably infinite



e e

cat X 0,1 23

OER IER 2ER EER 0.23 ER TER R

XEN X N NER

XER RIN
EX RER

Intervalse Continuous subset of R

closed 0,1 ER 61s
0,13 N

open 0 1 R 0410,1 81s
half open 0 1 R 1410,1 Ips

0,8

i iIiiiii
i

do

y0 1 23M 2,3 23

0 1,23 2,33 0,1

compliment is f Need to define a universal set



set 1 I let a und

Ex N N X 40 1,25 UX 3 4,5
such that

EII.fiIIti
aemnttpropertys

XEN x is even 0,2 4

XEN is prime 53,5 7,11

XEN XE 0 1,2 and X 2,33 0,1 2342,3

Lowerset P Z 5 SCZ the set of all

Ex P 40,13 0,403 1 0,13
subsets of Z

Egle
a collection of ordered objects withduplicates allowed

0,1 2 0,1 2,2 cat dog dog cat takin
Fal

only variable and element of properties apply
1 0 1,2 x cat dog 2Er 264

Invalid r CX rux rink
setsof

t.EEfenet
cat 0 cat 1 cat 2 dog 0 dog 1 dog 2

a b a er b EZ



R Rx R a b lack ber
0 2 ER to T ER

Ex 0,1 0,1 0 1 a b at 0 1 be 0,1

Ex R a b c a ER ber CER Rx Rx R

Ex X R Y R
X Y x y ex yey R RER RxRXR
2 2,200 2,2 200 EXXY

RY 2,12 1 200 1 4

Ex 4 9 Xxy x Xxy x x Xxy Duplicates are

1 2 o n allowed
D 2,2 200 4,10 450 ooo 2,2 299

Vectors In e xxy

Motivation Can model relationships between features and targets

E targets are a Lear functionof the features i e y x ̅t w̅

Vectorspace A set of tuples that we can add together

anyelements and multiplyany
elementby a real number i e scalar

EI R R R why
Ans R x ̅ E R y ER CER

adding x ̅ 5 E 1 Y R

multiplying cx ̅ c x E R
by a scalar



D Soloy cut is not a vector space why
Ans what does dog cat mean

Vectors An element of a Vector space
written

a

E x ̅ 2g ER w̅ 1 ER y 3 E R

Transposes Changes a column vector to a row vector and
vice versa

Ex x ̅t 1 2 5 R w̅ 12,10 y 3

Row vectors belong to a more complicated space so we

will not mention it and instead write the Vector space tha

the column vector belongs to Ex x ̅ R

Away
tomultiply two vectors

x'̅T Xi Xi Y W 2W 12 25 13

w̅ 1 0 9 0 W

Matrix Multiple row vectors vertically stacked

E M

is.IE

IETEFI'IIq

E E E
xxxxx

Wix wax



f x 1

EEI.fi
Domain X set of all possible inputs to f

Imain Y set of all possible outputs from f

Range Set of all actual outputs from f

EI f x y X 50 1,2 Y N

range 1,23

f o 1 f 1 2 f 2 2

Ex f R range yer y 0 a axa

f x x where ER
x

EI f R range yerly 03 10,60 ex
fix ex explx

Ex F X R X 0,8 range R a
fix In x logelx f

ma

Ex f R R range R x

f x In ex X L



Ex g R flf X y X R Y R g 1 fix

g Z f where f x 1 if x z f 912
0 otherwise

Ex A Xxy f f X Y X R y R 1.4
ALD F D x ̅ y x y

A 1,2 2,3 fix

fix if fr p Towestondex
0 otherwise

TEX

Continuousfunctions a function without abruptchanges

Exi fexj x a axa

x

a

fix X

Not continuous
for s 4 5 X 5

5 I
x

I I
L



SummationandIntegration accumulation of values in
a set

Motivation Needed to define expected value

summation Σ over discretesets

Ex 4 50 1,23 Exx 0 1 2 3

f x X Efx 0417 22 5

X Xi X2 Xn ETXi Eeg it at outXn

EER

IntegrationS over continuous sets

EI X a b f X R

a Exfix dx foxidx a x
1

if a 0 b 1 f x x then

xdx 1 11 x

Ectives rate of change of a function
written f or off for a function f
Yotivation We want our learner to pick the best predictor

optimization

r a 9

It f x x f x 2X x x
slope of Fci 2

i



f x x f x ax

f x e f x ex

f x next f x

chare f x g hex f x g hex h x

Ex f x exp x2 g h x exp hex h x x

g hex exp h x h x 2X

f x exp x2 2x

Partial Derivative Derivative of a function that

Fsasinputmorethan one variable

II x x is the partial derivative of f x x2 with respect to x

Ex fixi x 2 1 2 3 xx 2 2 ftp.xixg 4x.xr

Often we write 2 instead of 2 1 11 2

Ex f x ̅ w̅ f x1 Xd w Wd

X Wit XoWol EfxiWi x ̅ w̅

where x ̅ Xi Xd
t
ER and w̅ Wi oooWo cR

2 Xi Itu d



Gradient A vector of all the partial derivatives

f x ̅ f x xd 22 Xi 2
40

EI f x ̅ f x x2 2 X x

F x ̅ 2 2,4 1 2


