I“llHuwer!fﬂwl“*'HHWHM'wawwwruwwmumwrmmwmrummumla-uu.;..m_u,1._

aall

ser2)l (M) )0 ao o wlaoy e sl ol
sl ¢ so — gt cllall draly — aglell &le — lpamlysll gt



www.mathonec.com

1 B G ek L L R R R R e ek A ke et Tk R R L R Tk G R U U R R URU RN U RS L SAHHPHEHHT il O IEHHTHN HH IR il il | .,., . _, ,,, ,, ,
“II.I e Ly A A R R R S A R A S A A A MR T R A L A G G A A AR RS R A R A LA G A AR L AR S A AR AR L G R R e ARt e R AR S AR S R b A A R s R A A R M AT A AR SRR A AR

¢ c>olosll g0 Lo
What is topology?

da ¢ o X ¢ aedl @ ol congruence mlasdl B Of B shadl s
s g OV gldl W1s ¢ S A1 A1 AN Jae (Mgt ) JI gt ae
phas ¥ g Bl )08 QW W B ey Bl s il il
U 2 Lwidid] ol 1 Ewdid Lo o dl.l) 0L VA2 9 Invariant
P bl jailadt T aany cJiplleds B U cs s Y G ol
(Sl Oy 93 ¢ Clewd) YiSwled! OIS 21 U o Al s Bl
Jsad X ) X o psl s PLS LN o Gl i Bl
ey Bld) keh) SIS S 8 gat g PSS b IS 5 () PSS
P had pols ad o & g2l ol ) U o Ll ol g1 01 J )
o i g OB Awdid! 3 Ahuzie Sl Se O3 g Bheazs J195 JB3h LAl
el Lhos ity BIG faab 3 S Fwdidl JISSY) IS and & Jisull
U341 Topology o833 phat gomms U g2 1 piesdlly BSH1 J e Jio
. Homeomorphism p 2 ) ¢ 34 32! sl < a5 ddadll Sl Skt Oty A_adl
By g g By gl DU (gl ) ! Bl s IS 3 90 s 5815
Jod Ul o O a5 038y 50500 gl 6 Y1 ) W) Jugf oS8 ) sl
il el gl <! piaaMt 5 Topological equivalent class s?jly,ji jﬁ‘JA
Topological 4 53 &l J2\ b o (M 51 BNE AV O 31 pib ot
S ol Aty engy ! el Sl Gl Jo > Jpsdl O a properties
il W8 g2 o g g BelST (s gV Ll g 0380 g ) WIS pU S pis Y
e O Jaih ey colally s gl aall iy ug Vb (a b) OIS

Ll s O wes) (u near relations v &1 SBMNA) Ay o



www.mathonec.com

Ul suoade
WP WATPR N W P PR PR PSR T U QU
A L) U b &) ) g Lok ad ety U b Sl o ) e L s
a3 By eged pb i p gl Aulys G AREs e WD Bl b O LIS
iy 1 2SN ;\Ji'lél‘)j@\elﬂ\édﬁ@%é&@@ﬁﬁwhgm\ R
e‘-ﬁl‘«3J-&*‘Je}w‘ﬂ)%‘vf)vf‘ﬂé’wﬁ‘)wﬁ‘v&
<) l)jﬁﬁﬂcew\@j)ﬁ}ﬂ\éiﬁzﬁgw\ e 0456 OF ) gl
y e ] O mc.a}gwso_auyw A Al p et OIS
B W5l 5 ¢ Arwla] goaldeld oy Slaless 2 8 ad el ¢ P
 gendl (§ 5335 Joal 1 843y ¢ Ol adt DU G L by B Jalt Jg
2 JW adl § toyal Ll gm say A1 8 S0 et ) Al g
gy SLSII 1 Toakall B3ledd (6 A1 5 goal) Ju 3l Lrloew B —wlY)
41 5ty Br Pl Osliadll pgghe s e WY Jadll § L ge 13
Gt WS (6 gl Y Thad §) g Lgmal p3 OF @) Lol l) gl
oo dms Olio B 0 F) Sl g g .L;}J‘J,b(..m’ﬂ} ity S Ladll
Slsladl oo oame Lo L) BLOYL i1 bl — el = ) 3 ol
S pos Byl slay My LW 51 oY) ) AL aes 3N e J g
slad! s Subspace 3 sliad oLy 44 b iﬁ-"'\j . dal..»;‘i\ L w—-ry IS
slad) o U7 (Kay &g @ ol 1 jam Sla O ()@ g gy LS
.(hereditary property) &1y ¢! &o\3-! SOy ds o s Lab 8! %y S
o1y ALY —i dll —Alad) (AIY pggdl Lty adl ML ey
W) Ldde 18 0 S0 JWUy sladld L f g o L) o S5 o)) Ao ) g
Topological &> g5t (ol -1 &l s 2y YT o d g gl odo At B



www.mathonec.com

U s b Ss "-_r‘r!'}Jﬁ}:J\ Cle Liad! O}Q' S A s AU J—>3 propertv

sliad O S5 (6 ;e sliab JS O Ly s (Metric spaces dy ) OleLiadl! PIRIREELY
S0 sbad (ol sladll 00 ST Ao by ) LIS, s
Of Uz g3« mSWly o g1l U)ol 1 ool o Ll B 0045 Sl
Jbas¥l OF Wiy s Jiguldl Jlasl dudond (5,8 ) Ll P S Bt A0
YA Olsladl ear oSl Wiy y sladl o L5531 Ol gedt A S sy
S dparl 2l o A ol Olsladl g YT et (o 5 Ot _iad o)
Sy s @) bl e 8L ¢ o sl Bty G Gasl e
Sl (ot b 2y i s O gkt Bl g o ot Sl e bl | b
S HW dow . wall! St L:aU:);T ";J* Separation Axioms JlLeiY!
Slsladl 2y YW L f gl Slsliadll o ol ¢ P Wy ladl ke adll
Connected spaces dail <lsladll s Compact spaces (42! iy oSS!
Ak SN A8 ot p Bl g 33 gl Ols god Aaldl iliall SN et 31
D NSy Aol sliady © ) Lol sLiab pggde Lokl S L
WLl Jpadll 32355 g1 etllll OS5 305 o) gl o B
el oda 4 adis

SS9 \J...q..n LLQ...AJ gj.l..e‘m o (..@.a'J\ J.é...o SR O)@ ¥] J~of.‘i \yT
S il g 3B padlly lasl) 4 gt Jla O Ols AU - 8 L1 d_al
Uy OF Jlos ity ) £l O) Judiend) 3 2l SN o Ses 57 ga! s
Gy o S g Lalls fanll 1n Jay Byl y g ) U g 1 o
Olazadly 38 4l

(SQM.“ )0 alo g (:)L'no( (le mMQJ .oj : e)wga."

www. mat honec. comnr

e A o

|
|

|

I Rt

‘ﬂ

|

|

|

|

1‘

|

|

R R



www.mathonec.com

A A A AR

Y Y
Yy

AY

@ljelowall

ot o 2lds dg‘!l ol
L sl ale ganally sligaqall : (V) L
&hbidl (V) W
Jlesll : (7)) &s
sollagll iz g Jlomll @ (€)
.. Kga gleg a3l aylelagll @ ol QLI
gl il claall - (V) o
() .Y ol
syoelenllapliall vasy
(YY) saslas
alt gagall (Tplaalll) gi2¥U : (7
(.Y opslad
Lymally Rya shally deha Ll Rl 0 (£)
(£.Y) opsla3
SIBIL gl ol Rald gy slaz
enslpgll mdgs sk @l QU
slaall aadgly slgall : (Y) s
@il alally (aladl : (¥) s
Lh sl alelaslly @paill @aglgygill @ (7)) s

(V)

(1)

—id —em =W A A A EE A — LA A il WA



www.mathonec.com

VY8 L

V¢

144

YY o

YYE

. . coralasstl y8lAuls alatall Jlsl : 2l )l LI

R

\Rak
\Ye

V¢F

V¢ o

Y1
1Y
YA

R
V4o

YYY

Yvo

YEY
Y¢V
YO

AL Apl;ll 6‘“- ialg Ny )lﬂ

Alagall Jlosdl @ (y) s

daleall Jloslly s g3aall Jlgsll : (V) s

s=olorll (dSlawly palsdl : (v
S aulyll @2 Zale oy 5lag

BRI ¥ A BA G\ QETSTY [fd S 11|

Ragungill ZBaYL Gigys a3 - (1)
O3l gara gy Aolaall @ (Y)
s all claall oo Ragzaall slegapall @ (V) L
o s3all claaall (o Zalell ole gaqall @ (£) L
¢ iall cladll o syleglizall @ (0) g

oma bl agldl @l Zale gy slag

e Ol @laluwe - ol QU

onmlall aylydl @2 Ralz gy slag

.. (&.plj.l.aﬂ) dodowll wlslasll &U.qu C,)LLJ'

(Remls3all Jhadaall sylelaadll : (9 W
L sl Radaall sle gagall : (Y) s
Jlad¥l wlalwog ol Yl : () s
dlatlle olds¥l : (¢) W

(11)

www. mat honec. comnr

LR A A

1!\

|

AN

||

Il H

]

l‘

i

![

|

il

|

it

d ‘

|

1!

1!
1t

f;

|
|

AR

|

;1

|

|

"1'

l

Il

];

|

J

{
‘1



www.mathonec.com

Yot PILOS | g._lgaslo.'np - (8)
Yy olall aylyll @12 Rale oy slas

YN0 e e b - ol ol
Y4o Klagiall sglegagall ())&
vha  ahylggall sl ganally dhyl gall syleladl @ (V) o
YAO Jowll laylpl = (¥)
Y4, sclwoll laylpl : (£)
Y4y l1o-oJaye) adlalall @l wall : (o)
Y40 allll aglll @le Bale ¢y slas

ey sysalentll 830l — owd)l slid — cpall slas : 2wl QUL
Yav oy yiall Jamla cland : (V)
YyvY o)l sLad : (Y)
rYyvy &pg)g)gl“ 6)9)“ (V)
ryeo zalill ayldl @l2 Ralz g3y slag

L R R L LR LG G LR G L LU UL UL LR

(iii)

IWWW'”“WM'“\”"””””“““VUIH'UWW”W“W”‘”WUWH”W'V'W”“W”WU“W‘“”'W”H'“'\l“l"””'!*HWHHH

R — e P e


www.mathonec.com

Il

D T

A T

i

suwlwl oyolée

( Basic concepts )

A AR

—r - 1

At

[

Tt

A A e

HRH D

(e

(R

_::::_::



www.mathonec.com

A A A A

:

Sl

Ll sk

|}|H“|"““|”||”"!'|”|*|“'|'I“I‘“'“Ifl*l””lll“l””“lfHUIUI!I’H’IHFUHH\!I

\ suwlnl aolio : J 44 oU

de¥l QU
( Basic concepts ) &wlw!i o0lbo

by OF S Bapld-) Ol M1 ¢ 5 % ! 2 (Topology) (o # 52 5!
0B o Lk & A s 3 bty 1593 cmtls (set theory) s sad
o2l 2 s Ol a § 7 9530 (language) B e S pes! by i
BYF(RRTY- WP PPN SRS PR PRCIEVE LIy PRV I I S B (R ATY
Sl o and g O (e Ol gasl 5 8 Slagall oo
: ap)odl wlegenndlle wleganall 1 (V) 4o
(1 pomedd 555 a5gde) 1 () N L)) Aw
ilonzs 0455 0B sLaY) adny . Lol Uy o 20,0 sLAY) oo pod b A5 gosbd
3 20U OT O Lage s & Y ardan Wl 8 pas LSS sy « Adlnae pd
Y ol e ot § 37
((elements of the set) i po! ,olis omd 46 508! gao U ST 31 sl
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Loy Sl o8 paig A I ot B J) o o JS IS5 B )
AW el e
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I eSO Wy M (ifand only if) O 13 kad e 13 M s & )
oA PSS " ol
(VY L)

B i wus\ 0 (proper subset) &Jdad iJ > de o A ds el O JL &
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B & gl o & 85 g0t Cd 4

NcZcQcRcC O a3
( Universal Set — delddi & gusly 1 (Y .Y L)) W

W O gest ad o s @l A 8 Do st o ALl s gostd
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Nl AUB il jouy B g § 5 A gl @
AUB ={xeU:xeAor xe B}
xgAUB < xgAand xg B - Ol B

( Intersection — ablidt) ALY YY)
o 8 il ol 0 0SS @ B el B A, B Ohs ol ablis
M 8 iy B ob& A gy ANB 3 ub sy A, B e sl

ANB ={xeU :xeAand xe B} :JWs Loy,
xgANB < x¢A or x¢B - Of %
(The disjoint — JLa&¥h (Y« .Y L))

(YYD \) m,&.}
esee WU itsdll 4 B, C ol st S Y

(iYAup=A;, Ang=¢ (i) A AUB ;B cC AUB
(i) ANBC A; AnNBC B (iv)AUuA=A4; AnA= A4
(VVAUB=BUA, AnNB=BN A4
(vi)(AUB)UC = AU (BUC) ;[ (ANB)NC = AN(BNC)
(vii) AN (BUC)=(ANB)u (ANC);

ANBNC) =(AUB)NALC)
(Viii) Au(m}B )=N (AU B;);

el

AN(v Bj))=U(ANnB;), B;cU
el el
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s e s ]
(VY Y L)
(The difference between two sets — (5 o (n 342
Sl U dblill s s pomdpr A, B Ok wst oIl 13
Sl Bs et &l Qo A—B 2Jud 3.5 ¢ (The difference) &4
A-B=1{x: x€Ad and x ¢ B}
B-A={x:xeB and x ¢ A} <2 a5 S
. db>Ya
A-B # B—A4 gj.«d\dzjglﬁﬁfbr
(Complement of a set — & g WaSe) : (VY .Y 1Y)
A e iSa AU o idblilliswst 2 U O o4
gl o 2ol st a U dbladl i wsl 1) —dl
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e Y U Wladl st 0 4, B 6 s Y
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(iv) ANA‘=¢ ; AuA=U
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(viy A—-B=AN B°
(vi) U= B;=u(U -B;); U-u B;=n(U-5;)
el ] el j
0B [ =@ <o 13 el s O g
NA=U ,VA;=¢ , ;U '
. (De Morgan's laws) Ol 683 3 58 Oy (V) & CUpW!
( The power set — 35l ds gt ) 1 (10 .Y V) W
i ) 2 X As pemed) 8580 Ao gott OLD ( As gt X eS8
P(X) 306 55 X e 0 A8l 1 ) O o) 03 s polis
P(X)={A: Ac X} o4

(Intervals — <V zdl ) 0 (Y1) L)) A

R iidk stus¥ s pdd [ ST J& . R p & 8 put | o 4
zel Vbx<z<yx,yel o8

W o sl Gwoa,b e R Y

(i) (a,b)={xeR:a<x<bj
(open interval) &> sds 8 28 ool

(ii) [a,b]={xeR:a<x<b}
(closed interval) dilas & 28 comd

(iii) (a,b]={x€R:a<x<b

(iv) [a,b)={xeR:a<x<b
. (half closed) ddlas (ol 5| (half open) &> §ds Q) g0
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(—00,00) i gl bl g AAAH SusY) Jor
x€la, ) o x2a <S5 x €(a, ) @& x>a —S
x e(—0,b] o x<b <S5y x €(—0,b) o X<b K WS

Relations @ wlal¥sll © (Y) 4

T m—

( Cartesian Product & j)&N) @l fol=) 1 (V.Y .Y) w0
pAA st A, B o semed (G0 ) 58 @l feole
O o (a,D) M 21V a2 et &l Jo D" AXB
AxB={(a,b):acA,beB} 4 &l .beB  .ac4
Ay Ay sy A, s gamald 6 ) SH il ool iy S Jel

L

H
] =

o0
[1A4={(a,a,..,a,,..): a4} Ly
=1

(Y LY L)) &k
08 A B,CCX (iblidlis st 2 X oS 13)
(1) Axp=pxA=¢
(2) AxB#BxA (A#¢ « B#g <)
(3) AxB=BxA < A=B
(4) Ax(BUC)=(AxB)U(AxC)
AX(BNC)=(AxB)N(AxC)
(3) (A xAy) N (By x By) =(4 N By)x (4 xBy)
V4,4 .8,B, c X
Syl @l ol L S Al A= B bl it A 4

1 8y sl gl 3 A 3 pemald
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sole)l Yool (b Suoido A

A2=A><A:{(a,b): a,be A}
LYY
B 8% comd O OB O CAXB <8 3¢ A, B Ok gosl o 4
Sed adb §i(a,b)ed <55 « B 4} A = (Binary Relation)
(@,h)gd <SS WS . 0 @Ml wbcd b jealb b g
O B by b el g haip b el OF o
LW O OV s W 0 S AXA IS 13 Al AU
A i ses!
OB A A sl Mo LW BN 0 SIS 1))
5"1:{(2),&)6/42: (a,b) €0}
0 Bl LS BIAY o
A% et b ews A={(a,a) ac A} iyt
(Y Y YY)
o Ab}&\y@u-ﬁw&yp_
x e A (x,x)€0 O 13) (Reflexive) iwSle O Bl OF JU (V)
ACO oS 13 6 A8 s

0B (x,y)ed oS 13| (Symmetric) Mle—s § L3Nl OF J& (V)

_ 5:5“1 1LY \Jl ‘54,7'( 5_}}—.@} ¢ X,V c A JQ ¢ (y,X)E(S‘
c(x,Y)EO O 13! (transitive) (ABU) duaw O BNl OF J& ()
X,y,z€0 K (x,2)€0 o8 (y,z)ed

r. (x, y) O O_S 13! (antisymmetric) & bus i3%a)t O JI_& (&)

SNETICA S 3 sl x=y 0B (y,x)€0
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Whasay &uS'le I 13 (equivelent relation) PSS BN o 5 BN
Y padl (5 X el O J 5 X0y &S 13 Yk DU QY INTTEDY
XOY ¥ xry S,

A€ A raall GBSl oiall S is g o g el ol B fad
(O PN B 3y a pamb laidl A oo ot e yos
la]={x€Ad: x5a} :of [a] plud e,
#0309 (quotient  set) Lowd! & goms P J poad s pof o
Alo={[a]: ac 4} - olel A4/6

L(OLY L) &y
OB 4 Lest o K BYe S SIS 13

(2) adb < la]=[b]
(3) adb < la]lN[b]#4, (@a#bew)
VY )4
Fio 4t patt e @Al § BA B 4/5 pd J pad s gost
Sl LTy (gt gt Aabline e PISHI J ynd of o | 4 e ol L
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(V.Y YH

is ol J& (Partial order relation) Jpr <oy &Ma O BNl oo
e Yy <D ST U sl @ Ligdaney Wl g AWSe Il 13 4
a kbt a sy s ST DOJEyaob

e isset A O Jsid A4 s Jo Jir i B < s 13
T NY DY)

L,-,-’Jr e A is ozl SIS 13 (totally order)ﬁ‘-,-.-lf A A Alﬁyé\u.q...s
(a>b s a<h 08 13 (N @b el y ol b n e S
S B Je Y (A, <) S8 BB oda G

S e A gef g < aclall o I BN s i) S Y1 s gt
& P(X) Q8" ol g ) B SIS ¢ o yline g i (S) L g
i (P(X),C) b UlS 150 (R,<) 0P e oy Jir o L
Uy b g
(Y Yy w

S UE e A i sl Of J 4 Y LS & 0 ke g (4,<) <l 13)
Ayl_y‘\ﬁ-ﬁ;3.;;,::kjaégsfulf\bl(wellorderdset)?nglg‘f
bl a8
(Yo Y Y)Y
SCX (Uprispisget (X,<) S
. 38€ 13 S de ool (upper bound) s ¢¢ d> L€ X i O] JW&
x<L; Vxel

342 131 S 48 germel) (lower bound) (Mw b LE€X il &) U
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A R R A

LG L L

mTi .

Sl L

1

N A A e A A A A

|

\ A mbu!imho : J e W

x>0V xed
(VY LY L)
13! (bounded from above) ‘5\9’{ o 83 gl W ScX is gormal -
oS 131 (bounded from below) J—ﬂ'-&l\: oy 83 gl vy JWy (S ss b B o8
o0 83 942 S5 13} (bounded) 8332 WS i gemeld JUyy . M L
ool 2y
(VY .Y L)) @;

p SUY s B ur g ab sl > S is goradd O 13) 4l -
S 131y S i gemald S ole dm ol o 3gudlodn oty dyglall 3 gud-d
odd pS1 g (ddd) ;}&\yéu‘ﬂsmuaﬁu\;&» S e sermed]
S i pemadd Jiw d ST o 3 9

i s STy gle d a2 e O g (e
:(\V.T.\)_:ﬁij_f

S X i spomedl (supremum) s A= pol Ly aall OF Qi
. 8% 1)
S Bl - Ly (D)
i L oS it al sl Ly op el ssle dm § i e Ao Y (17)
Ly <L 0¢ S isspemed sle
Ly =supS  pu S i e ks dm p0Y 5

- 3&2 13 Ly =supS ol

X€ S @b g X <Ly 0813 (D)
x>Lo+e ot xe§ wrpe>0 K (i0)

I
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_‘_‘_‘EI Lialosel o auoato \ ¥

38 ) 5 C X A genall (infimum) (o dm ST L it 0} Uy
9 B pemadl M i £ (0)
b= L oS el sl L op ST M b S B permad S U Y (17)
bg 2l op S Ao el i
Lo =mtS By § ) Muwds SY

- 3@ 13 £y =Inf S Of

XE S pd ot x <Ly 0813 ()
x>Lo+e dlest xe§ drp >0 IS (i7)

@& B (M =max S
MeS (i) Sispndsdea= M (5)

5 C X & seredl (minimum) ol jae o s ho ded m O Jug
@15 (m=min S 5y
mes (i) S e Jiwum m (1)
(YO LY LY &k

i pomaldd (S ) wb.d\ o) OB (5 2l &hﬂ\ domn i) s._JJ:-} |3
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VY

(Zorn's Lemma) (

A o i O el SISy Upr ey W pb B ped 4 SIS 13)
STy Jo b A 1 gud) 0B (fioh) ol 0 8330t LS 2
(o)

Functions  : dledl 1 (¥)
(Y YY)

U a8 A8 gedt 4] X B pb e el o0 B (e J1 5Ty AN
Y ddrs pambip X J s SR Y
S5 S Y Al X g iy O g [ X oY S
Y gt 4 pomw sl y el Ol oad ((xy) € f 5h ¥ = F(X)
f et BB G e X R et ] e g X el 3y 50 4t
el o Y ol il s XX gl G Y el O Sy
cdir 13 Y i gt Q) X sl p A0S [ OB aley
y=z (x,2)ef (x,y)ef it x€EX ja N
AN ;(domail_;) JLLJ las) ol A Q0 Gl i X A gyet
(co-don;in) rlall Gy i Y d sty « D r JA [V Sy
AW gt cd Xis sl o ol daidly Y &) ol il
it Ry 3 (X)) g as st 0dd 30 my AW (range)sie  gom
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sola)l Yoglosll oo Suoate - R
Rf={f(x) V¥V x e X}

_HQEJ\.U\M)a@UW}MWJWQﬁEW@H\J\O\Qw}
padt o3 Jigllly | (single variable function) <! St A3 A1 ol
Lidkl SusY) 4 gat 0 & jr DL se oLl Lhlhi y gBla g1y At g
Al ) i) el O Akl gl emed K
lad @) BEAE X ob gp f Al 0B Y = f(X) SIS 3] e
AIRURPRESCRPUE-: P (Rt BNV PRI -y 4 69 BRI
LS i 46 gat el g @il pew WY f A Bl S 453l f (X)
A f(X) Wl o Jad X W pels Gy R L8 Muel is ot oy
(Y .Y YY)

i J o diloxs R LEA- susWl de o 0 A LB A st O JWB
Vx: xed = —-xeA4 - 38 13 e
(VYY)

e —

@\ O 13) (even function) &) 413 A — B dudiof J—b
f(=x)=f(x), Vxed g8 eV b e plu
oialal! ) 4> J}r Wiloous O}Q‘ 3.;-})'1\ atAJ! (SR o .E.?yuj

@il OIS 13! (odd function) &> 2 ds A —> B Wi J—&
f(=x) == f(x); VXA 3y Jed ihd Jp Ploxs

ot el J g Slens O 550 3 A AL a2 OB e
(8 Y )

i 13! (increasing) 4! ¥ ry f: A—> B &l J&
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b R R R B L L RO E UG L AL AR LU R UL UL AL B UL S R L

L R L

\o mbﬂimllw - ¥ Ul

V x1, Xy €A:x1<xy = f(x1)< f(x7)
. Cuid> 131 (decreasing) &3 W1 1 4 — B il Ju
V X, X0€A: X1 <Xy = f(x1)2f(x2)
34 1 8 s i Nwd Lyl 3 LAV f1 A B Il
:Cdd> 13] (monotonic increasing)
V x1, Xy €A X1 <Xy = f(x1)<f(x3)
Slaidl 33 Jas ol M wb i@y LAl 14 —> B il Jud

-

: C&2> 13! (monotonic decreasing)
YV X1, X0€A: X1 <Xy = f(x1)> f(x2)

(O YY)

Dt gl sge b LOS ) [ 4> B Wl sge - L 0 J&
y<L;V yeRy ol i R7
Ry U gl s s £ 03] f D) i s £ 0) Sl
yz L,V yeRy o4
I O 131y « el o 83 0 DI OF J 40 WG s ghe do W1 OLS 13
CIlS 131 B3 i OST [ AW Jiwl e 85 gu2 AW OF J 480 WP dw A
Cut £, L g 13 83542 O5S f AN 0T @b Jiwl oy ol 0 859U
{<y<L;VyeRy : Of
Eat M g 13 aid g 13] 83 0d2 AN O ST ade

f()sM V¥V xeDy

V.Y Y)Y e

A= gl Ly 0813 1A B AWl s um pol Ly 0 Jui
A WS 0 0813 f A M s pST g Of JUy AN gl s e
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ulsjl LoeJasell o oido \ 1

Jb Bl 6 ) dedlly | odaal) Aol iy ui.:j AR ‘_;.uu.u_.»
Ly =sup f=sup R¢ ; lo=mff =1nf Rr; OB ads
M =max f=max Ry ; m=min f =min K.

(VY -V-\_zdt‘v

Ll sl B(x)= T3 4—x
ey ol 83 gu A1 (1)

CIlS 134

fod>s 0l max A, minh, sup s inf A ux s (@)
. J=!
=[1,7] s Wy Dy =[-2,2] 2 il oda Sl
(T3
R PRCNT (VR V- iy BNV PRSI WIS RERVARY OY 85 su A1t (hy

A Ry,

5 1,7eR, of & (o)
suph=max h=7;inf h=minh=1
C(NY Y
S BN S s 1A B;g: B> C oWl p &
JW el b gof sl p @l f g oWl
(gof )(x)=g(f(x); Vxed
Wy A &t s gof 4.5 J) D) Sl Of oy LI 0l
gof C ¢ crlall
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iR L UG R L G LR UL R LR R L U L G L L L LR LR L

\ Y suwlil oolio : J oY U

4—L p_& s
0

8% o(f ()
DV Bl Q¥ . f 1A B,g:C > D 08 13 sl aery Js s
Olslc f(x)eC oleg xe A ol oo ki 0 S gof &S A

Dgof:{xeA:f(x)eDg}
:ﬁw\yuﬁq fog aJi o JLEJ}

Do =1x€C: g(x)eDy ;

(4. L)) At
el f Ol 2 gof A d oY Rpc D, 08 1)
‘i g fog B dlda 0t R, D 0SBy - Dyor =Dy
D e =Dy Ol gl g
(Y YY) W
sl one to one) d>1 g Uty T AT AL 14 > B A o) J&
. 8% 13} ( injective
VX, X0 €A X1 #Xxy = f(x1)#(xy)
il (B 1
Vx,xped f(x)=f(x) = x=x
SOV LYY e
U8 131 (onto,surjective) 3 o6 f a3 Ay 1 4 > B B o) J&
J.QAJT&\J@).Rf =B 38 13 ¢l ( b colall Blad) (6 gbuy Lalls
J(xX)=y ot x€ 4 jas drp YyEB jax

|
|

L e .
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uole)l oglestll o@ sLosde \ A

(VY Y L) aw

8,08 g ddl-i IS 13) ( bijective ) sl b W 1 4 —> B Jw
(A3 B 4l 5,0 + Al & sl bl Of
bijective < injective + surjective

(VYY) ol
Bt @il Jo 3l O8O Y Ly I D) gendl g Ao —
e (d dnadls oy Med iyl p AT f 14 — B Al cesls 1) Y
Al O ST BB A i s
(YE LY LY

3§ AN AmSe A3 WIS y = f(X), y=g(x) ol o) b
Ol 388

(fog)(x)=x;VxeD, &
(g0f )(x)=x ;Y xeDy
=) s y=f(x) Dl S Bl
b o @l bl 14— B Ul GOl 13 al paed Ly adl W e
(f_l)—lzf r. f_IZB—>A :@Wﬁ\:
(Yo LY L)) dad
AU LS AW O sl s iy f1 4 5B ol 1)
: Oj__i,g) L_..a.‘aj ‘_g;t_,-i'}bu Oj._i'i' f_liB >
Of-&é‘-}. Df_lzRf

« Dy =R

(f_”lof)(x):x S VxeAd,
(fof_l)(x) =x , VxeRB
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\ 4 &wbu!imliw - JaY ol

(VYY) B
b C.DcY c AL BC X o8 131, [ X Y i p &

(i) f(AUB)=f(A)U f(B)
(i) f(ANB)C f(4)N f(B)
(i) fHAUB)=fT (DU fT(B)
) fHANB)=1" (A (B)
(v) f(A4-B)2 f(4)-f(B)
(vi) f7H(A4-B)= (4~ (B)
(viiy Ac 7 f(4) ,V Ac X
Cisll oo 15y hadb g 13) bt Sus (VID) (V) ((F1) <R
(viii) £ F (D) D ;¥ DcY

Aals f o813 Jadd g 13) (g sl st ALt B

(ix) f_l(;lDl-):;f_l(Dl—) , DY
) (D=0 D) DY
(i) F(A)=0 f(4) 5 A X

(i) (O 4) € O F(4) 3 4K

(YWY .Y LY

(...4\) A ¢ }T 2.;&"..@ LY ‘Dl (countable) Al E-L’G WA S a"jﬂ-’wu JLE'.’.
U‘i'ai \J}__ ‘51{ ‘ S :LO}Q;\ Jl N M\ D\.LGF\)\ aﬁﬁﬁuﬁ f Gé‘.rijbu

Tt o ¥ A o e e o . i o . . . . o m k



www.mathonec.com

Y«

suole)l LioolaseUl (o &oske

S ks Qg-"j{ E) ch'i 3 ) g }T N dawl ¢ & ,ols (denumerable) ('-_,,5,3

.S:{al,az,...,an,...} bl oliad) o dJU8 Y daylize 8y 40 &
s de oty (N Gkl Slus Y Ao got dall AL Os sesl ol
g R diads s & gt bl L O Ll dl sl e ey (7 deond

R Laid) s\ueNl e o o Al o) G gade 8 b (of GUS . all i LB p b
Cdald B 2 0SS
(YA Y Y)Yy e

Ew @ 4idl W (Continuous) e [ G — R A O) J&
lim f(x)=f(a) LS 13 ge RER

X—>d
Vet 0>0 drp >0 Kol o ldag

VxeG.: |x—a|<o = | f(x)—f(a)|<e

A L Aeaze SO 3] dadb 5 13} A il Bl Jo Alane f ALY OF JW
oL J S iy adl Way L G A sest bW

xef(a-8,a+8) = f(x)ef(f(a)-3,f(a)+5)
iR urg f(a) st V (g b af) b gula 5 2SI 0K 13) &l
STV det a sps U (3 o b gof) & gade
(YY) &k

o i B8 gag 1S LSl ) seall IS 13) by 13) dhae [ AN

(Functions and Equivalence Relations) gsliﬂl &5}_9.9 Jlel (8

Ayl X Qe ande p A fi X Y cols 1l
Boxpy S f()=f() VX, yeX
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Y &whuimlﬁa : J e s

Il IR R L B L I

X A 0 i80 PST BN owd X o PO ENe 2 p B ()
(Equivalence relation determined by f )
=TS =y s B Jeab 08 xEX SIS 13) (V)
yelxloypx & f()=f()e yefT(f(x) o
() .\)_JLu
B, £ X Y X={1,2,4,6}  X={0,1,2,3} ;S
f(n)=n!; VneX 3y gl
Sy el X Je B B p IS 13)
xpy < f(x)=f(y) ;Vx,yeX
p=1(0,0),(0,1),(1,0),(1,1),(2,2),(3,3) gt
P Jgad PSS BN p O el
[0]={0,l}= £ £(0) ,
[2]1={2}=1""f(2),
31=3}=/""(3)

(Y L€ Y) Bk
c [ X > X iy X e s PS5 B p i B
o P BN o ol By Al Ay f o f(x)=[x] , VxeX
B o 0B xeX LN f(x)=0, ¢—r [ X D>X/0O X
[ X e S
Ol

[(x]=[y] 06 x=y < 3 .Rr=X/p « Dp=X of enr
B f opadey £(x)=F() O 4 g
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ll

solell YoglesaUl (b sLosto vy

T

[x]e X/ p= xeX & f(x)=|x]
ez dis f O
OB f e ddl X Ao B B%e o culs 1) NS
(x.y)€0 & 0,=0, & [()=/ (M) (x1)ep
T=p OB F
(Ve Y)Y
m(x)=[x], VxeX ¢ m: X > X/p I o
(Natural or Canonical function) & $W! sf La bt A1y
(.8 L)) &Lk

Jlp: X In—>Y s
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Yy suc-olorell wlsladll : s U

oWl Ul
&p_g)g;gﬂl olsLasll

Topological Spaces

g1l and o i 0 g g sliadl) ppgls Ll AR G prA—
e s sladly Al ALl Ul oy § L A ) g gt Ols Ll
1PN \A.S OF Sddu sty el 0da o 97 (3! Uaat) j2my B g
,#\nguwﬁwww@uuyﬂ@
(Topological Spaces) : o ¢ sl sladll : (V)=

A Ol el o e T oy I pb s et X O (p
N byt gaf G X

(0 X,0eT
02)If A, B €T = ANB €7
(03)If A;eT => VA4 eT

[

W b ey X0 s T ol o (01) s b —sdt : 0f o
bl T 31 Jan T ol oo op e ol abli Of 5—n(02)
T G o T obs o 2ds f 51 0f s (03) edud
(X,T) A g somy X 4 (Topology) (~rdps T (sommd
T 3 e S oy o ippstad X O Jgb sty o g sliab
(open set) i gdo 5 4ot
(YY) datha

Oy jad) (o ey

TcP(X),Te P(P(X)) Y

pniswt U << UeT (V)

e L ——— ———— —
—
TN T T T Trmr s wwmmer——rr 1T ww T ——r——wr——————rw——wr ———rw—————— = wrwrwr T ———————————ww w7 —wr—————————ww.r ——y——————————v—————————————7vrr v > r ——vrr_—¥m v r———————————-—re—————————v————r——— v —————v———————v v v T rwr v —wrw —wwr rwr___rrrmr__—rTmrw 7 v wrw o r 7 T wr 7 T err _mmar————wwrrowwow ey
— . A A
e - T T T T T T T T T T — T T T T T T T T — Y T T i —— T Y — S T T T —T— 1B T — N A T T T ——

R — e —————

i
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|

ola)l Uorglosotl (o doake Y ¢

JU ) Jo O Gy X B semall S Ao gett J) P(X) 505
P(X)={U:Uc X}
T d s 2 T pols (o 248 bl 0L J i) oS0 W b 2d) (1)
Ay, Ay sty A, €T A4 NA N .MA, €T O G
(Y=Y —Y) Js
X b A S Cuendi 08 X ={a,b} S )
(1) Ty =14X,0} '
(71) To={X,0,1a}}
(ii) T3 =1 X, 0,1b};
(iv) T4 ={X,0,1a},10) } = P(X)

(VY LY Jle
o ey K W Owend) s T ow X ={a,b,c,d} S
X
(1) Ty ={X,0,{a},{b},{a,b},{b,c};
(i1) Ty ={X,0,{a},{0},{a,0},{b,d},{a,b,d} |
(iii) T, ={X,¢,{a,b},ia,c},1a,b,c} }
(iv) T4={X,0,{a},{b,c},{a,b,c},{b,c.d}
el
Oy X e dus SN T Ol mly (0)
la,byuib,ct}=1{a,b,ct Ty N3 {a,b},{b,c} € T
(03) & ,udt 3ad ¥ Ty Of
(01) = (03) oo by ,adi 328 Ty VX o mdns IS5 Ty (i)
gkt (X,T,) 055 el
Y X e iy S Y Ty (10D)
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suoelosell wlslasll @ sut Ul

fa,by{a,c}={a}e Ty Ns {a,b},{a,cy € T3

by am g Ty Y X e deg S8 Ty (V)
(.Y LY

w305 o0 O S o P o sl A3y OB e ols Sus B B8 sl 49 O o
W u Sl polall dds & polall
iy 2 & Ty &oy O (Y .) . V)dwe & OF cdbudt et 3wl oSy
62 Tyhsy (F.Y Ndeds 4 2Tp853 &1
e o) g g Ol liadl) dela Alsel

(Important examples of topological spaces)

(Discrete Space) : (aadd 31y il sladll (V)

O o) g g0t AT=P(X) (W ppispns X O o ekt
b o X e i py [ T Ol ettt et X s i
o S mhes A5 ST sl sy Jrdll (e dl (g e
(X,D) 3 ud jops Joaidi stadly (X, T) goms . X
. A
By I Ll Lwol® 3,4y (X, D) Jeaddl stadt Of ks L O g_,_:—
o et SOl X o ad b e as b plll W puft it
A pls B8 g0t 2 X
(Indiscrete Space) : (paddl p&) Joadu pall sladl (Y)

FIpp UK T T={X,0} W pisses X O p i
Fng pol gy Jaie A dpdu o U o A s

A g Jeake il sladl (X, T) oy A A= S
(X, 1)
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sl Yorolasalll (oo sLoato Y "

T 3 Ok dll QU i O ot WP X, O iy Va0
(Cofinite Topology) : gl OMSL cliad (W)

ub,é.ij.d.;d‘ﬂloﬁon_’f&;

T={¢,UcX:U" finite}
={p,UcCcX: | X-U|<w0}

g OS5 WSS @iy X e B Sl sest IS b —a T O
O BB de gt ) BLoYL

X Mo mPns T U by
3 g B ped 2y XO=¢ Ol ey el o g eT (01)
X, QT baks XeT
CUINULeT ol euodhy, U,UyeT of pu (02)

OB & iy Oz O 4ot U, U5 0d Uy, U, eT 0l e
Of s Oz 423 pltsia oy o Sy g s 402 U U US
e o get (U MU )" 01 Jeduy (U NU,)  =Uf U3

.UlﬁUZET OTH\&&}
VU eT doul dydy U,eT ,Vi=1,2,3,... of o4 (03)

!

, C ... =& 9, - Ce c

z
sl g dugrs 48 g0f (VUz')C OB Juu (VUZ')C = mUz'c Ny g
7 Z !

WU, eT v el Js
l

TS T ANE o X o g T 0L J g e
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vy suselosetl wlslagll @ i Ul

dogd ML sl (X,T) ijj\ e FWPETY M
(X C ) 342U sLoadll 144 Ay 3 o 9 (Cofinite Topological Space)
(Complement Countable Space) : Jall A\l omL s\lab (£)

T ={¢,AQXZAC IS countable Jal) A48 }

. X dbu?ﬂyﬁ‘_}ﬁ‘“&'f O\cﬁp\}
(Particular Point Topology) : & ks dadd! ;{)jﬁ"f sliad (9)

Py pEX (M ppisnt X O p i
P={p,UcX:peU}

X o hnp POl pap g
X

0B WLy X eP o pelX ol e NSy iy adl b 9P (01)

X,p P

0 ey sy peUyNU, b Up,UyeP os8 15 (02)

. UynU, eP

sl peUlU; 0¥ akey pel; cbi JN U;eP s 13 (03)
i

VU eP
Z.

2 oty S ol (g ey X o xhny POOY

m—mrr —————TT e — —
Ta— ————— —

[n

i{
}
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|

sola)l hoglesall oo soado YA

. (Particular Point Topology) 3 jtoxl! daddl ¢Liad (X . P)

(Excluding Point Topological Space) : dutaxud! daddl o o o g sliad (1)

P R 8 cpEX cz\.;b-ﬂ.ﬁzﬁ‘}aﬁX d‘\:ua}a.o
E={X,UcX:pegU}

bacd) Baldl g g oy X Jo s £ O OU St s
.5-\.9.;:..-«.1.\ daddl olad (X,E) CJJJ‘ g §

: (‘S.L_..E;\)\ }l\: Slzald }i Gn.:.b.‘\) Sl 67-)5}3)::.“ s Lad)s (V)
(Usual Topoligical Spaces)

Py AR eV st A X =R O p 4
T={UcCR:VxeU3J0>0suchthat(x—0,x+0)cU}
K0T 68 VR U W) Ol sl oS s ot —a T O
N2 (X—0,X+0) s b g b i > x U

(x-o,x+0)cU
Rds zdpg S8 T OOV a0 O g
R, 9 eU dlqnely (01)
dxel; fJ—et xeU NU,y (U, UyeT O o ,—a (02)
Ol &t 07,0, >0 wrpabaley. xel,
(x -0, x+0)cUy 5 (x=0,,x+0,)cU,

Ol uf gy 0 =min {0}, 0, } Hl
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A sorsloell wlslasll : Wi oL
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