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oS 131 (bounded from below) J—ﬂ'—ﬁ oph 83 gl vy JWy (S ss B o8
o0 83 9d2 S 13) (bounded) 8332 WS i gemeld JUyy . M L
ool 2y

(VY LY L)) daYe

I A B R LR O

LG L L

mTi .

yguﬁaxp&.\zﬁug‘s}b-tr S bMoK\slufh—rW
S 131y S A5 gemeld S ole dm pol comm 3gudl0dn oty dyglall 3 gud-d
odd pS1 g (ddd) J)A}\Oﬁéd‘ﬂaw&.&-ﬁd&\}&i‘b S e sermed]
S i el bt ST ey 3 9!

s s STy ket a2 e O g (e
:(\V.T.\)_:ﬁij_f

IR AU

1

S X il (supremum) o A= pol Ly naall OF Qi
. 8% 1)
S Bl Ly (D)
i L oS i al sl Ly op ol ssle dm S i el o Y (17)
Ly <L 0¢ S isspemed sle
Ly =supS  pu S i s ks dm p0Y 5

&2 13 Ly =supS ol

Xx€ S odpd c X <Ly 0813 (D)
x>Lo+e Ot xe§ wrpe>0 K (i0)

A AR Ao

Il




aola)l Uorolassll @b sosto X

32 135 C X & ool (infimum) liw u> (ST 7 01 Jy
9 Agenall i us L (D)
> £ oS Bl sl L e ST b do S & el S U Y (1)
bg 2l 0B § el Jiu
Lo =mtS Iy § L) Mo ds SV

3@ 13 £y =Inf S Of

XES pdand  x <Ly 083 (7)
x>Lg+e diest xe § wrp >0 K (Gi)

- 3&s 153 (M =max §
MeS (i) Sispndsdea M (5)
5 C X & speoedl (minimum) ol jae ol she ded m O Jug
@15 (m=min S 5y)
mesS (i) S e diwus m (1)
(YO LY LY &k
i sormaldd (S ) w.b.d\ o) OB (5 2l &hﬂ\ domn i) s._JJ:-} |3
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(Zorn's Lemma) (

A o i O el SISy Upr ey W pb 1 ped 4 SIS 13)
ST yae Jo b A 1 gud) 0B (il ol 0 8390t S 2
(o)

Functions  : dledl 1 (¥)
(Y YY)

- a8 38 gedt U] X AIB) pd e el o0 BN (e J1 5T AN
Y ddrs jambip X J s SR Y
S5 S Y Al X g iy O g [ X oY S
V gt 4 pomw sl y el Ol od ((xy) € f 5h ¥ = F(X)
f et BB 0 cE X R et ] e g X el 3y 50
el o Y ol il gad XX gl GBI Y el O Sy
cdir 13 Y i gt Q) X el p A0S [ OB aley
y=z (x,2)ef (x,y)ef it x€X ja N
A1t ;(domai!l) JLLJ las) ol f Al Q0 Bl omwd X As gyet
(co-don;in) rlall Gy i Y d ety « D r JA [V Sy
AW gt cd Xis sl o ol daidly Y &gl ol Al
il Ry 3 (X)) g ds st 0dd 10 5 AW (range)sie  gom




sola)l Uoolosell b oide - \ ¢
Rf={f(x) Vx e X}

_HQEJ\.U\M)c@UF}MWJW@EW@H\M\O\Qw}
padt o3 Jigllly | (single variable function) <! St A3 A1 ol
Lidkl SusY) i gat 0 & jr Db se oLl Lhlhai y gBla g1y J) g
Al ) i) el O1 Al gl emed K
lad G BRAE X ob gp f A Bl 0B Y = f(X) SIS 3] e
D) adsl o)) LAAR ) ggd D1 sie Wl 2D~ f () AN) et
S2 i 8 gt bl g Gl pem B f AW Gl S 4315 f(X)
A f(X) Wl od Jad X pels Gy R SR8 el is ot s
(Y .Y YY)

i J o iloxs R LA susWNl e g 0 A LB A st O W
Vx: xed = —-xeA BT R WAN
(VYY)

e —

@\ O 13) (even function) &) 413 A — B dudlof b
f(=x)=f(x), Vxed g8 eV iy plu
(oialall ) 4> J}r Wilows (.J}gg‘ 3._,2-})'1\ atAJ! (SR ¥] .E.?yuj

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

Jeot el J g Slens O 550 3 A A1 aoe OB e
(8 Y )

i 13! (increasing) 4! ¥ ry fl A—> B &l J&

I

1

|

1ien

1

1l

|
i

i
[‘

|

AR DDt

1

!
|E

|

LR R

|

AL i

‘l

1 |

R




it R R RGO ER UG L LG AR LU R UL UL AL B UL S R L
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\ o mlmiﬂwlbo - oY U

V x1, Xy €A:x1<xy = f(x)< f(x7)
. Caii> 131 (decreasing) &ad W 1 4 — B Al Ju
VX, X0€A: X1 <Xy = f(x1)2f(x3)
34 1 8 s i b Lyl s LAV [T A B Il
:Cdd> 13] (monotonic increasing)
V x;, Xy €A X1 <Xy = f(x1)<f(x3)
Slaidl 33 Jas ol M mb i@y LAl 14 —> B il Judy

L

: Ca2> 13! (monotonic decreasing)
YV X1, X0€A: X1 <Xy = f(x1)> f(Xx2)

(O YY)

Yt gl e b LOS 1) f1A> B Il gde u> L 0 J&
y<L;V yeRy ol i R7
Ry U0 gl s s £ 03] f Bl i s £ 0) Sl
y2 {4,V yeRy o4
I O 131y« el o 85 0 DI OF J 40 WB s ghe do A1 OLS 13
CIlS 131 B3 i OST 1 AW Jiwl e 85 gu2 AW OF J 480 WP Jdw A
Cut £, L g 13) 835d2 05 f AN 0T @l Jiwl oy ol 0 809U
{<y<L;VyeRy : Of
Eat M g 13 hid g 13] 83 ad2 f A O ST ade

S s MV xeDy

V.Y Y)Y e

A= gol Ly 0813 1A B Al s um pol Ly 0 Jui
A W ST 0 0813 f A M s WS g Of JUy A sl s de




Mlajl LioeJasell o oido \ 1

Jb Bl s ) dedlly  odaal) Aol iy ui.:} AN ‘_;.u‘_,u_.»
Ly=sup f=supRs;lg=ntf =mf Ry OB ade g
M =max f=max Ry ; m=min f =min K.

(VY .f.\_zdtu

Ll sl B(x)= T3 4—x
ey ol 83 gu A1 | (1)

CIlS 134

fodrs 0l max h, minh, sup s inf 2 w5 (@)
. J=!
=[1,7] s Wy Dy =[-2,2] 2 ididi oda Sl
(S&d3
RS PRCNT (VR V- g BNV PRSI RN ISR ERVARY OY 85 5u A1t (1

A Ry,

5 1,7eR, of & (o)
suph=max h=7;inf h=minh=1
C(NY LY
pdeS BB S s A B g: B> C oWl p &
JW el e gof sl p @l f g oWl
(gof )(x)=g(f(x); Vxed
Wy A & st s gof 45 J) D) Sl Of gy LI 0l
gof C o crlall
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\ Y suwlul ooléo : J oY U

4—L p_& s
0

8% o(f(x)
DV Bl Q¥ . [ A—>B,g:C > D 08 13 aspead) aery Js s
Olslc f(x)eC Ol eg xe d jolal oo ki 0 S gof &S A

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

Do =1x€C: g(x)eDy ;

(4. L)) date
el f Ol 2 gof AId oY RecC D, 08 1)
wds g fog Bl 0t R, D 0SBy - Dyor =Dy
Do =Dy Ol gl g
(Y YY) W
51 one to one) d>1 g Uty T AT AL 14 > B A o) J&
. 8% 13} ( injective
VX, Xxo€A: X1 %Xy = f(x1)#(xy)
il (B 1
Vx,xped f(x)=f(x) = x=x
SOV YY) e
OIS 131 (onto,surjective) 3 2 1 a3 Ay 1 4 > B B o) J&
JKJAJT&\J@).Rf =B 38 13 ¢l ( b colall Blad) (s gy Lalds
J(xX)=y ot x€ 4 jas drp YyEB jax

|
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suole)l oglesetl @ SLosde \ A

(VY Y L)

808 g - IS 13) ( bijective ) sl b W f1 4 —> B Jw
(A3 B 3l 3,0 + Al & sl bl Of
bijective < injective + surjective

LAY LYY ol
Bl @il Jo ddl 0 ST N Er g J1 DI p el am g Jo —
e (b dnadls oy Med i p AT f 14— B Al cols 1) Y
Al O SO UL 4 ds g
(YE LY LY

3 8 AN A A3 WIS y = f(X), y=g(x) ol o) b
Ol 388

(fog)(x)=x;VxeD, &
(g0f )(x)=x ;Y xeD;
Y= s y=f(x) Dl S Bl
b ok @l bl 14— B Ul Gl 13 &l paed Ly adl W e
(f_l)—lzf : f_I:B—>A :@Wﬁ\:
(YO YY) dad
p U LS AW O gl s iy 14 5B ol 1)
: Oj__i,g} L_..a.‘aj ‘_g;t_,-fjbu Oj._i'i' f_liB >
Of-&é‘-}. Df_lzRf

 Dp =R

(f_”lof)(x):x S VxeAd,
(fof_l)(x) =x , VxeB

e T




\ 4 mmhuim.ollw - 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)
iy fHAUB)=fT (DU fT(B)
) fHANB)=f" (A f(B)
(v) f(4-B)2 f(4)-f(B)
(vi) f (4~ B)= £~ (B)
(viiy Ac 7 f(4) ,V Ac X
Chsll oo 13y kb g 13) bt Sus (VID) (V) ((F1) <N 4
(viii) £ F (D) D ;¥ DY

Aals f o8 13) Jadd g 13) (o sl st ALt B

(ix) f‘l(;Dl.): ;f_l(Di) , D; Y

0 (D=0 D) i DY
(i) F( A)=0 f(4) 5 4K

(i) f(0A) € O F(4) 3 A X

!

(YWY .Y LY

(....:\) A 4 }T i,é.‘:...ﬁ N LY ‘D}__ (countable) Al R-L’G vy S ES')A?WU JLE'.’.
ug.a’\: \Jl u;f ‘ S E.C'j.aé\ dl N M\ D\.LGF\)\ aﬁﬁﬁuﬁ f Gé‘.rijbu




suole)l LogaseUl (b &oako

S s d,ﬁaf 31 ‘sf-i 3 y gl }T N dawl ¢ W ,ols (denumerable) ('-_,,5,3

S={ay,ay, ...,a,,...} Wl olall 0 A58 Y dals 8y g
s de oty (N Gkl Slus Y Ao got dall AL Os pesl ol
g R Ladr susi is st bl L O Lwbd) Sl ey (7 dmonal

R Laidt s\uell e o 0 Alis 5l G gae 3 b (o} GUS . all i LB o8
Cdall B 2 0SS
(YA Y Yy

Cw @ 4id) W (Continuous) e [ G — R Ay O) J&
lim f(x)=f(a) U813 ge RER

X—>d
Vet 0>0 oy >0 Kol anldag

VxeG. |x—a|<o = | f(x)—f(a)|<e

o L Aeaze SO 3] Jadb 5 15) A il B )l o Alane f ALY OF S\
oL Jd Sy adl Way L G A sest bW

xef(a-8,a+8) = f(N)ef(f(a)-3,f(a)+5)

iR ury f(a) ssf V (g b af) b guda 52 S 0K 13) &l
STV det a spf U (3 o b gof) & gude
(YY) &k

o i a8 gag IS LSl ) seall IS 13) by 13) daze 1 AN

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

Ayl X QL@ p A X Y cols il
B xpy S f()=f() VX, yeX
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Il IR R L B L I

X A e i80 PST BYe owd X o PO ENe 2 p B ()
(Equivalence relation determined by f )
=TS =y s B Jeab 08 xEX SIS 13) (Y
yelxloypx & f()=f()e yefT(f(x) o
() .\)_JLu
B, £ X Y X={1,2,4,6} c 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}=/""f(2),
31=3}=/""(3)

(Y L€ Y) Bk
ce [ X X p 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 N f(x)=0, ¢—r [ X D> X/O X
[ X e B
Ol

[(x]=[y] 06 x=y < 38 .Rr=X/p « Dp=X of enr
B f opaley £(x)= () O 4 g




sole)l hoglosll @ doado vy

[x]e X/ p= xeX & f(x)=|x]
el dis f O
OB f Al X o P BN o oS 13 elis
(x.y)€0 & =0, & [()=f (M) S (x))ep
T=p B¢
(YY)
m(x)=[x], VxeX ¢ 1 X > X/p I o
(Natural or Canonical function) W@l of La kil A1y
(L8 L)) &k

Jlp: X In—>Y s
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oWl Ul
wwl @lslﬂ)l

Topological Spaces

o1l jard 2 a5 § o gl sladl apgle OLIl e G i
e s sl Alladl A lol e aUll oy F L A ) g gt Ol Ll
v 1PN \;,S OF Sddu sy el 0da o 9 (3! UeatY j2my B g
_#\M\guwr@ﬁw‘ﬂ\@uu&ﬂ@\
(Topological Spaces) : o ¢ sl sladll : (V)=

A Ol el o e T 2y I pb s et X O (p
N byt gaf G X

(0 X,0eT
02)If A, B €T = ANnB €7
(03)If 4;eT > VA4 ET

[

Wt b ey X0 s T ol o (01) s b =20t 0f i o
bl T 31 Jan T ol oo op e ol abli O 5—n(02)
T G dan T obs o 2ds f 51 0f s (03) edud
(X,T) A g somy X 4 (Topology) ~rdps T (sommd
T 6 o S oy gy st X O Jgb plassly 2 dpnp stad
(open set) i gdo 5 4ot
(YY) datha

O el (o ey

TcP(X), Te P(P(X)) %

pniswt U < UeT (V)

i




ola)l Uosslossll o oo Y ¢

S gl o 30 5 X gl 5,0 28502 4 P(X) 2
P(X)={U .UcX}
T G s p T ol (o 248 abli 0L J i) oS0 W b 200 (1)
Ay, Ay yooits A, €T A4 NA N .NA, €T O Gl
(Y=Y —Y) Js
X b Ay S Cendi 08 X ={a,b) S )
(1) Ty =14X,0} '
(1) To={X,0,1a}]
(i) T3 ={X, 0,104}
(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) T)={X,0,{a},{b},{a,b},1b,c};
(i1) Ty ={X,0,{a},{0},{a,0},{b,d},{a,b,d} |
(iii) T, ={X,¢,{a,b},la,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 mely (0)
la,byuib,c}}=1{a,b,ct Ty N3 {a,b},{b,c} € T
(03) b ,udt 3ad ¥ Ty Of
(01) = (03) oo by ,adi 328 Ty VX o mdng IS5 Ty (i)
gkt (X,T,) 055 el
Y X e m iy S Y Ty (10D)

O B HUE R @ T T YA R T T N e  ITFH Y et Y U S e S U e



soelosell wlslagll @ sut Ul

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

by em i Ty Y X e deg S8 Ty (V)
(.Y LY

i 305 o0 O S o P o sl A3y OB ool Sus B B8 sl 49 O Lo
W u Sl polall dds & polall
iy 2 & Ty &9y OF (Y .) .V)dwe & OF cbudt et 3wl oSy
62 Tyhsy (F.Y NHdeds 4 2Tp553 &1
her o) g ) Ol liadl) dela Alsel

(Important examples of topological spaces)

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

) gt gt AT=P(X) (W it X U p &
b ot X e iy [ T Ol ettt et X s i
o S rhes A5 ST sl gy il (g dl (g e
(X,D) 3 ud jops foaidi stadly (X, T) goms . X
T
2y I Bl Lol 3,5y (X, D) Jeadd! stadt Of ks L O g_,_:—
o st SOl X 0 ad b et as b plll W put it
A gls B8 g0 2 X
(Indiscrete Space) : (plddl p&) Joadu pall sladl (Y)

FIap g T T={X,0} W pisses X O p i
Fng pol gy Jaaie A dpdu o U o A s

A g ke il sladl (X, T) oy A A= S
(X, 1)




duolel hoolosalll @@ oato Y™

T 8 Ol mdll Qb 1 Ol st WP X, OF iy s (o 5
(Cofinite Topology)  : &gl c.?uﬂ\_ sLab ()

Py BNt X O o4

T={¢,UcCX:U" finite}
={p,UcCcX: | X-U|<x0}

g O85BS @iy X e B Sl sest IS b —a T o
O P e gesl L) BLoYL

X o mdps T O bbby
3] ags B e 2y Xz O ey ¢ e Il s €T (01)
X, QT baks XeT
CUINULeT oo odh, U,UyeT of pu (02)

O & sy Oz O 4ot U, U5 04 Uy, U, eT 0l e
Of s Oz 423 pltsi oy o Sy g i 6 402 U U US
e o get (U MU, )" 01 Jeduy (U NU,)  =Uf U3

Ui NUy eT ol eay da s
VU eT dloul dydy U,eT ,Vi=1,2,3,... of o4 (03)

!

l
sl e 20 g0t (WU) 08 Wby (VU) = NUS oSy igen
z Z :

WU, eT v el Js

l

FTIHF FIHAN oy X o 2 J g T O Jeh (Se 1)




vy suelosetll wlslasll @ s Ul

dogd YS! s liads (X,T) cjjj\ s FWPETY <M
(X C ) YR sLoadll 1 Ay 3 o 9 (Cofinite Topological Space)
(Complement Countable Space) : Jall A\l QM\_ s\lab (£)

T ={¢,AQXZAC IS countable 42l ils8 }

. 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 o dpp POl pa B
X

o JWuy X eP 0 pelX ol e NSy iy adl 0 9P (01)

X,p P

0 s sy peUiNU, b Up,UyeP a8 15 (02)

. UynU, eP

oful peLlU; 0¥ «ksy pel; cbi JN U;eP i 15 (03)
i

VU eP
Z.

2 oty Sl il (g ey X o xhny POOY

— w1 s i a
e el . J— T T T T T T T T T S ——— — —_—————— e —

[n

i{
}
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sola)l hoglesaul (oo soado YA

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

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

P R 8 cpEX cz\.;b-ﬁ.ﬁlﬁ}oﬁX d‘\:ua}a.o
E={X,UcX:pgU}

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

: (‘5.&.1.5;\)\ }l\: Slzal }i Gﬂ,_,.h.‘\) Sl @)’ﬁ}d‘ ¢ Ladll (Y
(Usual Topoligical Spaces)

Py A MW st A X =R O p 4
T={UcCR:VxeU3J0>0suchthat(x—0,x+0)cU}
IS0 g8 VR U W) Ok sl oS st —a T O
N2 (X—0,X+0) s b g b U >y x U

(x-o0,x+0)cU
Rds zsdpg S5 T OOV a0 O g
R, 9 eU dlqey (01)
dxel; poJ—et xeU NU,y (U, UyeT O o ,—a (02)
Ol &t 07,0, >0 wrpabaley. xel,
(x—op,x+0)clUy 5 (x=0,,x+0,)cU,

Ol uf gy 0 =min {0}, 0, } Jl

A T T T e




A morsloell wlslasll : i oL

(x-0,x+0)cU, s (x—-0,x+0)cU,
(x—-o0,x+o0)cU;nNU, ,VxeU;NnU, 5]
Uy NUyeT 0B aldsy
xeVU; {U;iiel T of ey (03)

[
et 0>0 wxp B U; €T SNy xelU, et U; 4y til

Uy c VU Sery (x=6,x+0)cU; o

z
et 0>0 g wid

(x-0,x+0)cVU; ,VxeLU,
l !
.UUZ'EU T-’-‘i
l.
Sy Skall (9l oo (gl Moy R o (g okt T 1)
JDJJU s Lad)l 1dd JAJJ J}.ﬂ} LSJL’J\ s Lad! Ui’ (R,T) C}}“j (gs-l,,uiﬂﬂ jf
SEY sldl R o0 L 3 Ol el ST alile & Uyl (S (R, U)

LA R4 Q\;ﬁ

(0 L) LY otk

i gds b0 g0t 2 R G guie 58 S (Y

o pho 8 g0 gA (o gale (0 ab\W (Y

70 055 01 8y5 el od 4y B gade B gt 52 i gaide (i 2SS (7
o 2 8 3 Cod e 5 8 s B 502 U = (0,1) U (2,5) Yod i i

(VLY LY Ul

P Eadall SN B et A XN =N oSS
’L':{(é,N,An:{l,Z,...,n}: }’ZEN}

I
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sl Loolosell o doado T

. X &fﬁjfﬂ;}g“x T it Of
: !
b, NeT of maty (01)

b fatadsy i, JEN & A, A;€T O 20— (02)
k=min{i,j} ¢ A NA; =4, €T

b S Jus TEN c—oer 4, €T O o iy (03)
S U4, = 1,2, k}eT o0& sy Ay ={l,2,...,n; ;
k=max{n;:i l}

- Ol

g JUBY S s s Lol {1,2,...,n} =8 1 UREEARTINE N
e {T1,T9 5oy Ty 5o ) Py X (o Mladl Olr J g 2

r. ={¢,N,A4,={1,2,..,n}: neN}
W) rPp oo kst R o mdpp op ST S8 (Y)

( Open Disk 7 s\ 2 ) (VYL R 2
S8 s a3 b1 ds gt ga R* Sdt G D gl o 20
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