1) gS&‘/S anJ Fcu\ch'or\s
1.1 Seks

DJ« Ast s a aleclm .[ ‘Uec‘/s calw 43

Membets o4 _poinfs.

Exaufles N(r\a('u/m nmkw) { (indogess) Q(x«bw?)

R (hee‘ numlp(%(

‘/\/04'1":044 de“ JMo‘{'&Q 0 h bl\aokok f“ On£ ‘{“,

PMM“? of o»\{bo{ finst defigidion.
Afteswands, se£< ase u‘ud@ he{fered Ld
co( 40‘ l&”“ A B, ¢, ..

(S';ec{a, &1‘5 dc‘ (Sfecia( do»\Lo{( [fk& K
Examflfc'- {abcl o {12 343 & {x,o,(\)]}} ede.

J\Io“li% AemLMS o( Q 6’0(' QAe do.qe(uqes msu{eﬂ af a
(fyte ot whode ) lLisk

€al> ¢ {a be,
(-(a/\v“t} (M‘( 1:“6) }



Seds coq also be Jefiged Bo s property P(+):
£x{p(x)]
also whiHey, with a colog
T2 P(O)}
This tepresents:
"The seb of oll 2 such +hab % sofisfies P(z). !
whese P(2) ic o cloleent aloud =
Example 1 Y= $xla is o posibive sl rumbes 3
R > {xla i a noq- rggetne eal numbes J
R*: {220 is a nog-geso neal numbes §
Defy  Ewplysel is a sl 4ot has ao elouenis
ARWERE

¢ Meas be sef .



De‘('t‘- A el that condains MM& cleﬂea{ (s called

a .J,»t)[zb’

1411 Mmbe/:&‘\lf aAoQ Et'“ :'6

Defn . Mewbess by ond Egualily one fundewendal 4o
v ch‘“ﬂesﬁd Qﬁ_'b "

. 9(€A :‘F Y SRR | e{u{m" o‘r A

Az 6 —( .sek A ard B3 CM“‘% fhcau?? Hhe
Soye (,[vqul

Botl of +he obove he(ehﬁls Y] be 4:00‘10.
cxgA f i aob g element of 4,

o« I8 i f ableast oqe element of A ie wl a
Membes of 8, o vice-verse .



Exa l (JC“J '( e -('ac(o S)
Sk DC'(i'lC !:\L% h

A=$p:p s a prime fackn of 63 = 1233

B= 19905 o paie fockos of 103 = 1255
1 is aob o prige numbes S

'%A ud 148

Wew A lhas a”ﬂdc\l e c[e-(u‘ nomeY 3 that
doesn't 'oe[po + 6. LG

Af‘ 8.
Defise
C: €P p 1S a phime _‘C“ 9{20} {2425}
=¢85
Here
c= 8



Nok'- 56‘6 i 1ohe A ea{_e_{g\eﬁ This s a/l I'r\evihé’c
Coqsearju aﬁuhe{}ﬁﬁvlc.
The P&ou( X; OIV% below .

(hoo,( . (Suffou
{225§ £ {as}
Thet, “f()lg;'v the, dlfm/c d ?/\L#oq_; NOo\loQ meatl Hot

one 0-(4"&& sehs has on element which Joesyt
b,lona b he other and Hhs is ot dhe case
0

{225} = {5}
h view of this, W is consect b aUI
“1o a,\(Q 20 hovie the Same seb o,( phime Joctons"
But 10 and 20 d) ol have the Same. phime -@c(v-
pizatiog as that dakes b accomt ma lf'»f‘id?,
oﬁeack prime.

(Fudemertef Theotem ,,1C Ah#kqm‘&t)
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&Ab&dg

Defy.:

/\Ma‘i%
Node:

Deb

Dely:

}'5 ‘1»\9\0 e /\clggmg
we occ '\lS o subset of arothes ol By if

cVehO aao(o«\u{ of A s also aq eleyort 01}

W weA dhey 2€B
Ach lufhzscq"s A s a Subselt o—(&

Ew;a é‘o\t 5 @ ‘SuLSnl o.( ‘-lsaQ.' ASA.
(S,,,Lie'(' hc(o 104 MU a“'&ﬂ

Ael ¢ 6 Aea'w thene exisk o eleent of A fhat-
Dotsn ono 4 8 e

re h and rd 8
P}mfe/q subset Meaqs eves, O Menf of A 50(0’{/'5

bu{' these s Seme (MM 04( 6 no‘
tc

Acl and AZB
HMC A (3 m[ltﬂ 'Mo’?(/? &uLSc" 01(' R



NodoHiog
. m ACB wmeans A is a pa )
eohem,.  Th P " Sfal
e W?} seb 15 the Subced o_,[ ‘1[ )
¢9A WUU sely te.
oo fn g enblhy et 4
(LO “"l/‘ﬂtg\\o‘i»\,»‘.
Cugpose ot
§ <A
This wou
s would weat: T such Hot
ref od xfA

Bt ¢ ks
Tk(.hc-(om ,\l,\b Mu:?%zj’ L fﬂ"\adac("ﬁ

§cA.



Nodotion, «V”‘G CouMon. +o M e e sefs as a 6aL,<’e\[ of
o(% ones. This leads 4 o thind nota ‘°1,‘f°"
§ets

feex 1P}
where X s is some predefined sef.
Exomplet & = {xe R 2>0]
RY = {xe 220}
R* >2'Leﬂll%#o1{

A}O‘Ohb{. A —(ouh‘HL Ao‘a"(’ox wl\cn& L&lo 41) heeo&(}qesp
seb X eppears as fah( o\f H ﬂe{&)v p}aofw('ai

{e(2) lxex
whene E() (s o expnesciog fon
Edemple E={lnem}
= {246 8o, }

Sei o-( d ever Aal'uhaQ V\uml)e/u A&\[I«CDQ as
5ub9&f 04 N .



The defiitiog of E could hove beeq, fhe {oﬂowﬂi
E={alnenN od n=2 fop some meN}
muf(e: The fot(w;U ane the Subseds of R
Let abeR with  a<h. Theq,!
(ab) = (1ef|{\a<x<b} oper, finite
f0,b] = {2€R |agx2b} closed) | finite
[o,6) = {2 R |agnchy l\p(,FoP\,/o[oSeto, [ de
(a,b] = {2eR | a¢xeb? holf o‘m,/oloSecp, Lnde
(a,0) = {xeR|a<n} opt, infinte
(-®,0) = {2 R | a<a? oped, infinidfe
[a,00) = (xeR|asq} closed, infinde
(-0, a] = {xeR | a2 closed) ifinte

(’d), CO) = W\ -er ofeq and c[b(eaQ. it\(:i»t?'(e.



Rewpnks: 1 Tl\!, cQQSC/'u L n "e nd u\(;fl{' befo?
fo the vb'fk M(Ofltc, A.Jmlc):vfp ol -H«ee, LL\M
N

_o( Poa-‘
m'h)wa S CM‘,'am, cmcl.u!'ob Mafo Pomk

2);@ dz:&mm_{' heaf Amb(/tj/ L8, M* e(u(u—(s

S

We _J_Lﬂ&'(’ auwo m"UWolj -( ‘thL (0 (1)_]
amQ Suck

5? i?r\o(s cudy ag [a, oo) omQ (00 @ a%e

l" CoA YLQlﬂ.S

as c°$

ere s o st L nodine’ 4 show one

set is o Subsed of oqefhes.

ﬂ S&ow CB V(hvb ‘H\o\l &\l &(M&l" “{A
s olso aq cw\u(— B. o £Lau

if w€A thy 2 €B.



EXa»«plc (5&4:9«42 /ww‘c;w —ﬁq .sul»seﬁ):
L(é A= fp\,z’f\elg}

dam: A< E
proof:  Suppose @ €A D aznl for sme 1B
nEE @J&(‘;o{/\' = n:lw foh some meEN
We have .
N = (20" S lmz
= 2(2%)
=2k (It k=24)
wiem as mZen ond 26N ¢p a=n=2ke

So vty tleqend of A 05 alo oq element
of 1. U Hoee

e

Aso AcCtE Since Af [E g



113 [nl'c/,,jec(ioqi

De fn. The m('wfec/(w o{ dp sets A and B
Lor\slgs vf all -HL(, deqq«(j Aad g love Iy
Covon. T

Nofabon, A0z fxlncAard x€Bf
Exawlei {2030 {4,28% = {12}
R¥ AR} = RY
(0,274 [y3)= [1,2]
Nobe:  AnbcA andl  AnBco
l« ,faol Ane Ls e | « F subset r{ A andl

w C M e {' ( C <A ceh
w‘kvg ccA/\l‘» ?

‘z/'poo{ : \}wpfose x €C.

CeAand xeC = xch

Cep and neC > xeb,

Therefore LEA aqd xc8 = xcAnG
=> CEAAB.



Defa: e 50) A ond G ang Asdoyi { ae=d
Exomple: fo130{23t=4

[o)n (,2]=¢
11y  Utieqs

Defn: The unjo of fwp ;c(g A ad B Cov] cist 0{
f r—{l; of A %ddiw; with all e/eqmls

Notaiog ~ Avb= $x|xed gxe&}
Fox exwlc,i
{o,,28 042,33 fo,1,2,3]
R¥ o 4o} =
lo,2] v[1,3)= (o,3)
Nodel  ASAub ard &< AVe




Avg is +he an”e(-!— sef Covl‘lair]j bodn A
and b ac Sub{e‘(’ﬁ bo wlu’ci\ we qva,tl

fASC od B¢ Hhey Avscc
proaf CSuppose x < AUG
1S AVB =) %) o4 acB
Dyec oh 1L
> x<c
Heee x €Aon = o« € ¢ Theredose

AUB ¢ ¢



Defr© I A atd & ane :L;‘)m\ﬂ they AVB i Fhe
otSoom" _union,.

Exauflci fo0% 01233 = {ot 33

L>0L5 om(' uno af

50'30122} 7.
KC»\k/xk l«/e ("%} “akg m}(ﬁ!ec('wvl; dr\cQ un; o {'\'\‘('\'L’

b mmd seds) as Md as wc/;e case(
(af 1( Gu(e /\oL e
E)(GM?((,; let A,‘AZ,A‘” o be geds

\eN

U=AvAvhu .= ) A,
AEN
acl i achy fon some 1eN

acl f{ achy for eol|l AEN



For any Seds Aoad B, the sed diffes
helatodd comoplerent ansishs of “D%ﬂe“{‘
of A thal ane mf o 8.
A\B = {xehlxgs]
0,1,25\41,2,3% = {o}

Z\ N = {oifl,-Z, }

{ AnB=¢ +he A\G:{ ad g <k

/1\8 ,n\[ A ﬁ(vlo(cﬂ 6’“) (s Me

115 Set differeqce
De‘é\l
/\/o\lal'ioq-'
Examyle.
(0,21ND,3) = (00)

Noje A\B <€ A
11.6 Powe/] Je\l; .
Defu;

sed o al Jul;sc\‘s of A:
Ajo‘a“iot\ &)(A) - ’{6 ‘ BEA}



Examgle: 054333 = {6, §F (2} 3] 2} $137
A 233 4,231 % 2

p(6) = {#3
Remark 1 the examgle alove, A had 8 elewents, ie.
lAl= 3
id the Aumbes of elemends in, P(A) wos
IIDIEDEE:

So the formuls -(o/lnffke Husbes A—f &(eﬂe;\:lf
in +he poweh set s

Voseds A id (A=A 4hey (B(R)]=2°

Ao Fot, Nz0 (base case)
([O ir\juc(v-
i0a) 1 A= 0 A:;z{

P(f): S8 D 1P| = 1{g3l =1:2°



Assume ?Aofvzb is frae fon M=K
ALzt 100N =25 bk bypothesis)

p/wvm ‘”\ML l-( Pho U'l 1S ‘l/;u& ‘("’2 Nz R ‘Hlf'(,
+he pqpre,HU 1S +hu¢ iz N=kt1 -

Gwﬂ)o% ‘Al—k"’\"} A =€a|,qz,a3, "'Qm}
PU) = {NINcAY
: {N\NS{Q,,az,e‘w.‘.amﬁ

QQ qz’ Qb

N B Ak Y .
et ple): %“ = iq" q:LK,} "‘:?

(/,oq +he iv\iumli\/c oHﬂ{iS
, 6, - 2.“ ) ‘Ur !

Ar\g subsed of A cordairs Qeqy o 1t does aot
Contaiq, gy

I{ a subset o-{A does Aot contain, ay,,, 44
W4ois a &u‘)Se-( o{ 8 and 14(57 2’:{' t
:>/1\&Izc ate 2% cubsets o% A pol wr{oim"U @ e\



I o subsed of A containg @y, thet that

Subsed is ‘\4),‘1»1(9 50 Mdua(ino K+l 1| oqe a{:
2% Subgeds o{B,

As a,,, was inserted 1t each subset of B,
theq thene ane 2% Subsets coq-lahu‘a Qis

We have chown +hat A kas 2¥ Subseks contaiine
Qx4 ) M& W#k&n 2F SuLSc"'f not “14’03‘1;"5 “r-u-

Thenefore +he 4obal numben of subsels is
2642k =2(2F) = oK
A has 2K culeeds <o |P(A) |2 2K
Thesefore frou, induchion, i [Al=o, they
LOIEFL



Examp le  (Power sels and phobabrl; l?)

Powen sef occun natunally oy, _erLaL«l.-jO ’rkg:g.

Thke Q Vi Simple eX (c, o-f we Ao” a
very StaadandV die, they ‘set of oll possible

ouftomes S
A=14,2,3,4,5,¢ ]

which is hefenred o as +he Sample space.
Howeven u/:{m want 4o m!u,wceﬂm—% oS
o‘( ﬂeSut‘ [ike q’ nobabtl; la /nl[

v number.” conshitufe +heYsulsed %7944}
Which i< Ae(e&hc«p‘(b ag a/(,f‘__uj ’lte owwSﬂt
P(A) md “\MC‘(N‘LC be infespheded as the
set 05{: ble dice solling eveals
H\c(uo(u\o H\z nO~ /wu cvtm" wluok cohhegromlg'('v




113 CGomplemends

Dedn: Lri(of\m%. Q;Mf;(e_ﬂg‘ is +he set of alf 411;,65
in, A

hot

T‘\‘\S olb,['\ onl wxoke; Sesse 7-( we 've PheviouslU
qohccﬁ o woqu inside Some L‘mef\ sed .

A= {xex|edAl
Note A= X\ A
Example: 1 R= Aal numbers and  ©: aebioqal tumbers
PUQE RN Q = seh of all nnabiogal nnless
11.8  Calesian, (ot dinect ) products

Defn: 1 A and B ane 4wo seds dheq +he sef of
oll ondered paing (ab) with acA and beB -

AxB= {(ab)lach e8]




Exam(;[c:

Note

Remask *

fo,1,21x {l,l)s} S i(o,\)) (0,2), (o,sg)

<(:3>)) (2,l>) (Z'Z )

G3g™
s i s o ol
abatviated as R "
(a, D? (b,a) wnless azb.
L>Ohle/;, is JMfoer(mL !
(ab) = (od) iff e:=c and b:=d
(M(go/?oms defibion of ondered fO;’\>t
Ondered paip coq, be defined mea‘seb as follows:
(ab)= {fa3, {a}}
Thas (a,b) € PlvB)

Evex Q(M(Ni o-( AXB s o, e(u\unl o{ 6’(408>
Qﬂ\up\} bO Subsed P/,of?/;-ld:

Ax6 < PAxe)

wWh ¢



Thes Ac{iwj-lior\ also allow; us do deduce 4he
hules o

Fon Suppose
{fad fabd3={{ct fodi} (%)

W afb then faom principle of elu«‘ha of sefs,
fat={ct ad  fab}={od]
ad Hhen azc ond b=d .
I azh they the (4) collepses 4o

{1alt = 1t {od?)

phinep le a,f c:{,uof 40 mplies docza

l\e'\ce az¢ ond b-d oncle @a,r]



Def:  We caq extend cantesi Mod“l’ 1o 'Ikhcc(“z
Mohe 5'/‘5) AB,C 50 j:}f'\ino :

AxBKC= {(ab,0)] ach, beB, cec’d

wheae (Q: va> S aq olmle/la@ foLe.

Again i1[ we 'fakc A=33C='2,—Mq we eupuf
wMt Y W, 'H\C CU‘)\LGCEM &fdc& wi“‘ Co~Mquml€S
(ila)b).

£1 9 Phir\c:t_l_e‘o-{ Au’f““l Cortld"'lmﬂ{’

Dedn: i Aand B ane fwo seks and we Coq chow fhat
Ach and BEA, theq pzp. This:

Vseds Aaad B, AcB and BA = A-B

Phosfs ofbeq, adoph the fullosing bomplefe :
To Skow Az 8

¢ Lot % €A and ghow €8, Coqc‘ude ASH
. Co'\\le/léeb, lef jEB and sLo\oaéA =D BLA
. Conclude © A=B



Example . (paincgle of mutusl cofamment )
Leb Az TmimneZ$ . Show thot A=Z
(£) meN neN 50 n-m€Z
AMed = n-m e
Heqce AcZ

(2): Suppese e€Z Theq +heae ase +hree cases
4o wr\siJUl'.

* i{ a>0, theq a=n-" w‘\e/,g 1= atl an4
M= | (-foh eXa.Mfle)') S0 a€eh

. f-( az0, H\ul o= ('(0/1 PXGMP]O) S0 a€A

. "n( 0<0 they azn-m whene n= | a &
Mm=(-@, S0 @EA. (14’/7 eXawlc'>

Hence acA. ﬂ\uu][o/w ZEA.

lf fo(lowﬁ froy p/uir\c{f(e of Mufua| corbary ment
tho
A=Z



1110 Basic laws o{ Set Mco;,o_

I
o The @Mu‘-a"i\fe law o{‘ :’4%&«@1‘04 'i. .

LAne:BnA

v L]

* The “MW\M(W(M (&w_of uA oy

+ The "associalive law of indessechion” :
| An (8nc) = (Ans)nq
o The “assocalive low of wtion” :
fAu(&vc)= (AuB)u CJ
o The“Lingt disth bufive law" *
A0 (80O = (418) v (4nc) |

———

* The "second dicdn bulive law" :

Avlenc) = (Aug)n (Au@




" De Moh(}ai‘S fingd law " :
(Av8)‘: a%n rﬂ
* "De Mo*UM‘é second las " :

_RA/\G)C: ACU 8‘]
* The "doulle complement [an"
| ()" A
Example. (Fitsd dishuibubive low)

Proof of Linst dictaibutive low 15ing ping ple

of Mutual containmen

xeAn(Buc) © 1eh and 2 e Buc
& xehand (e o xec)
= &64M166>o‘26c640d¢e£>
S x€ANB & xe AnC
& xelns)v(anc)



Note Mﬁ" all .‘Mflica(io'}; 5)10»01 i PheWWS
gxaMfle ane hevensible

This chows Jhat AN (BVCO) € (Ang) v (Anc)
and (A1g) v (Anc) AN (BYO) show;vU Fhaf

AN (BYC) and Aag) v (AnC) heve the
exact same elements Heqce

An(8ve) = (Aag) v (Anc)

EXOM?[G’. (DOWUC Cou\,?lmw,' (Ow):
This is +he proof for double complement low:

Suppose Acx.
Bo JQ\G\ o\f (,Mf(quéi

xe () & xdA (1)

Since 4o be aq element of A is b not be aq
element o A( an U

4o net be aq c[w\m@ of A1 not nol (ze"
a/:c Z‘M\QA of A, in otheawsAds be aq eequ(—
(4] .



Theneone
xfA¢ (= xehd  (32)
Pu“ino D and (*2> %ddke/, Oive5i

e Y (& wch.

Hence A and AC have pnec.‘seb the cane
elements



1.2 Functions

Defn* (‘Apjiigz.{%%fa consists of thaee jf‘\f”dsz

v A set A called dpmaiy

e Mother sef 8 called w-domann
i4s allowed +het R:=A.

Ahu[o wluol« Acsu,o 5951 IoouousLd

how aSSoaa(’e tacl e
Z‘ZA 0 udique ele o m%{??eg

H ‘(Ao
Nol'a('io4'. fh‘ A"Y >4.‘,63 hbphcswlf & Aq,c o, “

Remark <Fu:\o('i91<):
1> T"\& r\o(’&{'io'\ A i’> B s oCassiOr\auU

used

1> The "'Mw'\o(ﬂc »\af wg_ia 2] /lev\fj(_;;h-

Madloq is uge



3) The odadiog 8rof(a) 15 ofbey uced]
wheq J&(W"ﬂ the Aule £. ,
$o4 CXaMfle- the Aule ‘((">:"‘ fos a
-(fwlohot £FR>R is also dmo’rei) x> al

4> H ach, the _}_(i) IS Somedinges called +he
value of feta, ada ike(-[ s hathen
CU"“‘\"“O +ye _a_l\omuwl Lon +hi Valu&-

Q_QA Ls al$o ww\,m,nb he{c/\'neﬂ h as the
EL\Pﬁ. 04 m_oltloe/lglaa vasiable

-ﬁg}_ﬁ& t{ ComMmon he-‘[e/lheeo b as 4he
oubpul oA, ;i\bfg]l } vasiable

Exawflr,: (stuaM( hoot —(Mcho,\s)’.

The Awle &
"falke the squane avof of a moq -
Acoa+i\le Aum besy, oM

is ambiauous ; Since 1§ x>0, these ane
possibildies: £y .
So this aule does mol defiqe o fctiof.
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However, if we hecw% Okoose the nona

:Qahvc £ \Aahe ho f(uqo 101 d:}o{‘&Q ﬁ)

thys L mb, [¢ 6{ ‘l’h tQ i
+k:( v(oﬂolms y qm“ " st «es
LR SR I anlz
A
\

donain cadostet

Pringiple oLEwUd of _Functiong

:De»(m'.

We ¢ aqﬁ""\a(' -€w\6€0r\§ { A=>B Mtg_olﬁ

ahe ¢ .
v A =C Le. Hw(] have Hhe Some dovialn
+ B=D" Le. H\e(, have the Some codoman
. (:0'/ H\;a have +he Same Hule.



Having the sae sule meang®
{(a) = o(«) Y ach
Nolahioy. ({458 ) : (G:HD)
L>T‘*is \$ PMH() c[MkO we uce -
<
1.2) lmde’s' :
Qs b Lt

wder f

Dely: (T ¢>
" du?p:qc {:A>B s a {uqchioq. If Kc A they
the _i_»ﬁadc of X gﬂdgz L 1S +he &u{ofe{’
(()<p i ed)

——————————

L) = £4G) lxex ]

W particalos, §(&) is called the inoge of 4,
of +e4 Ao\om@ _'_w\’g) Ad—_f



RemanRs

"V\(() S the Sed o-( values in the coolovam
) '“\O" ‘H\( {w\c#i hkeg ol we ’;(udw a“'“i’
elevendc of +he do%turl A.

P

<

QL 1§

A

8

M\ &>

ch todowfain can, be Much (a/U&é than the
' 0.

le :
1£ R0 is defiged VaeR ad

m(£)= £ (R )= o}

Thus +he -( chion A8 s sipet spea Ifmd
df{fermt to the funchioq, €:4-> 4(F)

l-( )(CA (Pﬁ?& 9“596"), 1( LS /\CV%‘HQ‘!QC
055:6(
Emuf(e f(*)=¢ (o(all cER



Examw\ei (&‘W\M hoo\‘ ‘(W\c{'io'\/'/ ;»\ch).

{: (ll: S Ry
Codomoin o\[ 1( (S Olekbb R. l.v\ﬁe .\[ -(;S (Kf
(&f\u A0/ € 91[ lk value( T4 Mdah‘le MD' even

atve heal Auwbes s +he S‘LMMC

bm eg & AoA- MO hve hea|' mumbes «, 40»109
Now\ hese are images of cemtaiq gubselg of
e wedes £ U

£00):=90,00,5,2 B3 05,3 . 1

f(ab) = (Ja,d5) o o0%azy

@[0,00) :[Ja,0) fon ado



12.3  one. 40—016 and Outo ‘G*/l!il‘_"is:

Defn (0'\!'1‘9-0'\0 am{/oh omlo)
&»"ose A8

¢ We ga thet £ 15 e t0 e (\“\!ec{'w&),
o“f/]/ bbhrevia I;_i . ;‘f du‘shqc{'e[ag‘en(—s
of the doain A ane senl 4 dishinct eloyents
.E\L the dowmain B.
Mrre P/uuiscld .

Ew@e/& ;,;h\ by 1hey {()# ((CIL;
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