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Welcome to theothers Pee ⑤



Sets, Relations, function
(and more ? . . . )
-

* A set is an unordered collection of elements

ex : f- { my , -23 = { y , se , z }

①
s !

* sees k is an element of S

* ⑤ To S T is a of S (both are sets)

Every element of T is an element of S

* 4=1 3 is the empty set



* 10 C S & is a subset of every set
(why ?)

* S c s a set is a subset of itself

* T = S means To S and set (Equality)
* When To S and TFS , we say T is a

proper subset of S
-



Negations (Sorath the symbol)

TH S
"
T is nowt equal to S

"

K Cf S "
n is Not an element of S

"

T4 S "
T is Not a subset of S

"

Fauset (also called cardinality )
when E is finite , ISI is size of S

* : f- Sai bid
1st =3



Examples of sets of numbers
-

N = { I , 2,3, - - - - 3 = { x / R is a positive integer}
such that "

Z = { . . - - 3, -2, - l , O, I
,
2
,
3
,

- - -}
= { r l se is an integer}

Oh = { a / see Ef where a E E, b E IN}
This is the set of rational

⇒
numbers

IN a Z c Q



Intersectionality

t
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Product of two sets (also called Cartesian prod .)
-

* SxT= { Cae,y) I see S and yet} (Not symmetric)
SXTFTXS

Ex : f = fails, c} T= { 1,2}

SxT= { Cai) , Cair) , (bi) , (b.2) , 6,1 ) , 4213
K¥13 : can) f Cha) ( but {a. B - El,a3)

* lsxtt.IS/xITI (Recall product rule)

To generate a pair : l . choose an element of S - n . . - 1st ways
2

.
choose an element of T.ua/Tlways1slxlTIways



Intersection
,
Union
,
Product

can be generalized to multiple sets

" " "80
"

S3 S3

Sin Szasz S
, U 52053

{4 KES, and NES2 and KES,} {NINES, or ZESZ or KES}

S
, xszx Sz = { (x,y, Z) / sets, and yes, and 2- E S3}

n

side Remark : Sin San Ssa . . . n Sn = N si
(same for union )

i"



Exampleproduotof3setss-faib.cl
T = { 423
Re { ,

O }

SxTx R = { (a, I , O) , Ca , I , O) , (a ,2,9 ,
Ca
,
2
, O) ,

Cb, 40 ) , foil , d ) , (bi 40) , @40),
Cali ) , Gl , o ) , (94 ) , G 40) }



Relations
A- relation from S to T is a subset of Sxt

Exanplei S= { Go , Too , YOYO}
1-= { 2,3, 4 }

RI - { ( too, 2) , ( Yoyo, 233
Not a function

Yoyo 4

S T

Go-Z

a function
"" """ """ """"" ::÷÷÷f÷÷g?÷¥



Some notation (and definitions)
f- :X→ Y Domain co Domain

• A function that maps the f
a:÷i÷÷ :::c::::
Y : co Domain of functionf X

ne X Y
ye y Image of X

• Evaluating the function at g -- fog under f
each element of X produces
the image of X (subset of Y in green)

• When the image is the entire set Y we call

the function •nmA•



Function : for ALL se EX, there Exists only one YET
suck that ffg=y

Notation :
g
f a EX .

3- only one YET . f- Get - L

Ef -HB(@universal quantifier)t÷n EETs - FBI (existential quantifier)
Exercise : which of the following are functions ?

F¥. 0¥.
Exercise Write the meaning of •Alto asen
#

tf and F
.



Another property of functions :
one to one : For all x, and Xz in X ,

if X,#Xz , then fCri) #ffxz)

Notation if A , then B→ A- ⇒→ BB
(A implies B)

Exercise Write definition of one to one using
symbols in the following set .

{ it, a , ⇒ 3
( you don't have to use all of them)



A functions that is both onto and one to one

is called a bijection , or a

⇐

one to one correspondence
⇒

Exekice Into qnelooene bijection
f :Z→ A

flat Intl
Yes No No

g : IN -72 No Yes No
gag = 2K

h : IN → {2. 46,8; - r} Yes Yes Yes
hfaJ= 2K



Illustrations
-

¥0.
X
→

y x
→

y

not onto onto
not one to one not one to one

→•
I

: 0¥:
X Y X Y
one to one bijection
not onto

bijection means
1×1=141

and we take this to mean
"equal size "

for infinite sets



fix

onto : tf j E Y .

F x E X
. ffa) = y

onetoonea.tn ,
E X

.
tf na E X . (x, #Xz ⇒ fGD Ff

•r tf m , na E X . fatsea ⇒ f tfAz))



In simple terms

X Y

function : there is exacting arrow for each n

1) onto : there is at least one incoming arrow for each y
2) Oneto : there is at most one incoming arrow for eachy

3) bijection : i) and 2) ,there is exad-goneinam.mg arrow for eachy
Bijective function ⇒ HI - l YI


