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Start Learning Sets — Part 1

Propositional Logic Logic
, +
| Axioms of
Naive set theory set theory
603\: doi th ti L ——~—— §/
otng mathematios foundation of mathematics
1. : . . : I&f M
SeT: collection of distinct objects into a whole @/ B /
Such an object Xinside a set M is called A, @ M
e e
an element of M, write - xeM
It x is not such an object insidep/means:—l(XéZ M) @¢M
the set M, we write: xéM -
A set can be defined by giving all its elements: A ¢ — iz' S, {g
'\deﬁned by
Examples: Empty set: @ := {}
Natural numbers: | := i1, 1,3, ‘f, S, g
Natural numbers (including zero): lNo L= io’ 11,3, ‘f/,_.g
Infegers: #:= z, -t,-1,0.,1,1, (g
Rational numbers @ Real numbers R Complex numbers

"> quantifiers YV 3 predicates  xe N
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is an even number false logical statement
is an animal false logical statement
t_—_\?\/ True logical statement

predicates

Predicate:  An expression with undetermined variables that ascribes a property
tfo objects filled in for the variables,

Form new sets: { X e N \ K is an even V\umbev}
éy c 7z ] ye IN}

For A 1= ZMevcuw, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Nepfuvxe}

'Foym: {‘Pé A | (9 has at \eas’f 1 COV\'ﬁYYYled YYIOOV\}

Quantifiers : \V/X for all X 3 X it exists X

Predicate: X is a planet

VX . X is a planet A~~~ logical statement
false
dx : X is a planet ~~~> logical statement

true



Equality for sefs: Two sets A, B are the same, written as A = R if

Vx : xe A &> xe B is True.

{3,525 =:0 1eC > 1€D  true

Examp\e: C::£Z, 3/ 5}
2€eC«> 1€ frue

{1,3,sF = §1,1,2,3,3,5%

Subsefs:  For fwo sefs A,js, we wite A< Bif /

Short notation: VXGA . xeB

We call A a subset of B (We can also write 32 M)




The Bright Side of Mathematics — hitps://tbsom.de/s/sls

Start Learning Sets — Part 3

A_C__B@—isasupevse’(ofA :BQB\/

P g SRS

Kisasl,(\ose’fmcjg ¢§B/
\VIX r Xe @ > xeb

Union: @% Aud ;:ix I xe A v xeCBrg

(VX% XeAu3 > XGAV Xe:B ) is True

Intersection: a':g Anj) e ix | XeA A erBr%

Set difference:
@‘s MNBi= x| xeh n xedt
Example: A=:i1 L, LFE , b= {3’#,53 aeg

AvB=51,1,3.4,5%, And= 4% M3E ={1,18




Big union:  Need: 1 set , Ai. set for each el .

UA = {x | FeeT e A\
Big intfersection: QAL = ix ‘ VieT - xeA,;tg @
Example: A4:{4§ , A,L: {Zk / A3=iz1g [
L=N, A=§d. wen YA = §12.3.3 =

nA(, - @
€T
The set of all
Power sef: For a set A define ?('LD = QX | 7< < A,% subsets of A

eanple: — A=91,2,30 , P(A) = i¢’ 10,98, 443 1%, 99, $0al, {2,3}'{1,3}}
e |A@, [PW)] =8 =7
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Cartesian product: A x B set of all ordered pairs
A=4A,00 A7) @7 (O7
5‘ } ~ (A7) ICRE (

g = § 4,7} (A @Y O8)
A O O

Definition of ordered pair:  For elements X, Y write Qx,y) = i zx} / {X,)’}}
wy) = B9 & W A b= S

& X=X A~ y=§

Definition: Ax @ = &(o\,b) ‘ ac A A be Bi

B
7L b

A

A subset GJ( < A xR is called a function if

(Vx Vy Vy QX.Y)CG:g A QX.Y)CG; —> y:’?’) is true,

3 |
/\/ ‘ < not a function

| A | } A




1f also VxeA: Hyefg : (X.Y)CQ; is True,
we write: 75 A—>3 and OE y for (.X.)/)Q Gy

& /Q-ooolomaivm of § X

domain of §

a map from Ainto 3 graph of {

Example:

5) =1
flO)=¢
f(O)=¢
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Map: 5: A — B
Example: 5: N — 2

Range: (Ram(}') = {yg:B | Jxe A : g(x) = )/}
= ig(x) | X € A} (shorter notation)

Example:  f: RxR — R

(%, %) = X xt

|




Image and preimage: /_\\I ;
) W)
;‘ w image of A: §[K)

For a subset A A,

§[K] = iye% l AxchA : S :)/1 = zg(x) \xeﬂ}

denotes the image of A under 5-\ .

s N
T

§T8l=] et | S0e 3 ]

denotes the preimage of .?g under ,5:

For gC_:_fB,

Example: }; N — # \S:[ilﬂ,tl'&] = iO,S}
0 if x even
ix £ x odd § i} | izqum %
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A/ 3

not injective

not surjective

Definition: A map JC: A— B is called:

injective if  Vx, x.e A : (x,#xl —  f(x) # JC(XL)} is true

sur jective if VyeB . dxe A }(x) =y is True

Remember:

surjective: Each )/Q:B gets at least one arrow,

injective: Each )/GB gets at most one arrow,

injective + surjective Each )/QB gets exactly one arrow,

bijective (1 1)
\
invertible

bijective

-1 inverse map
5 . b— A ,

5 ()/) = X if f(x) =Y

Example: 5; ]N%{LQ—I\‘)I 16,15, 3¢, }

X = xt

-1
Sei14,9,1,25,3¢,.J =N
Yy
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I

994

q) =3
3(1) =1
§(4) =38
F(1) =28
£(3) =48
(9e5)(1) =3 (ge§)(2) = J 5@ =8

(305)(3) = J (Jo‘;)((-a =N

(’L) §=|R—>|R Nk R —= R

X = X X > sin(x)
1
N~ (305)(@ = Siw(x1) and (3:03)0() :(Siu(x)>

identity map
For any set A, we define: LAA : A — A e

X —> X

[

For §: A —> B bijective, we have:
-1
Jo§ = idg
-1
§o5

= idy



