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./ > this o js a Function.
)
b L
** Funchions can be : Fu ndions Cannot be:
“One -4y - One =one-to- many
*Many —o ~one
<3 is a function.
Domain = D
Co-domain= L
Range =§9,9,d,07 = Image
| C' co- :
11 angc & co-domain.
N O A Y  subsel or €qual. 1 )
R \
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" , ‘ i f QXW
i o - T‘Tund'lors;mpresenfnhom F+R — R “l N S O LS8 —
‘ | fix)= X2 I | ‘ <
i { ] |
T - | . |
! 4+ Whe\'? Hhe firsk R s the domain 0nd second R is Co-domain - I' o
.‘.1 l X~ oxis' is domain and y axis is  o-domain. Rcmqe flom O — 0O,
> ! Rerc, Range ¥ co-domain (no negative ¥ value is an image -From an tlement in dcmqm)
,; | .Range '[0, )., Range & co-domain,
\
1 { ‘ 1 ‘ ~1 £
i Definition:  Assume $:D—L " js a funchon. We soy A is onto (surjective) if
- ‘ to-domain = Range )
R
| | | { )
- LDl Lo (=ix? | 1 ik now onto. bc  codomain = range
i | | ; (fn['ecﬁvg) ! ! | i i
1.4 Ne Sa\, _{'_ s 41 i | . ‘ Q/)
[ 18-1 dtéferenﬂ clemenﬁ Lin the domain CorresPond o 2 dlﬂ"crem Slermenis in |- domain,
1 . ‘ Jp‘a— each -Elr.,men'i' in the range corresponds to . One and only om; Clement. in the dqum
I {e | Nhenever- F(au) = PCOz) for some q,,q, € Domain, then =a,
+—
[l !
! | his is _a function.
.’ ,‘:funcﬁon Is_One to one,
B | functton is not oni'o L1
| bl | 1
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| I I o T e hohizon k1| lin
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Defc D=L is called a bilecHve funchion i it (s {-{ AND Onto
L=
eg £ >R
fex) = x?
*nek onto Range [0,0) +F R B
* not 1 -1
=
eg: f: [o0) — [0,0) 1
F(x) = )("
« is onto
* is one —to - one - T |
“ is bijechve T
- Def: As‘it‘m\'- F:D—=>L is a bijechive  {unction.
then £7 @ L —> D isa function that is alse a bijective function.
note: | £7' does net mean

| Suppose two  functions

_] o= A7 ? Assume §: R =R
= x+q |
Lormppsition | [ |
-FO'F,_ ﬂ(ﬂ(x))? f(x+1) = (x+1) = x*+2x +1.
,‘G_Q‘G =‘F:.('¥1(7<))=§30<2)= )&z+1.
( ,Obsewc -Pne CDMPOSI‘hOn does net  Etrpate  Commute (e ?.o’fi # ‘onﬂ
So__ order maiters.
i RDR | .
FOGO = x* does nob have an Inverse not Bechye
| bat 4§ : To,=0) —> [oe
i .,ﬁ.(x,) = x> has an  inverse bc -F. is bi;'eche.
11 f:,’,' = [0,) —> [o,=) 4
0 y g = L xf | =
‘_ Swapi. X7 Y :
1 ',féolve 'Fo"‘y ‘ = —-J 3 ,AWE l‘-hOOSE- +JxX Since anse. [o,=)
B . Fa{eVIEN
, |
A . o g
| now. -5 'F OF ;,(JX) £ -
i so, ,_J—'.,,c_x)_, qnd.__,ﬂ'? ) —are; Syrmetricalong_the line y = x
i | N T
I O . . J: 1 f T D’dL A :
3_No+e \;‘ 4 s ho+ a. -Funchon L ‘ | | P4 VAR N b,
;‘ mnho{- dcscnbcf & as on+o,_1 1ior bijecve. P 1 1 | 1100 Xt |
! . i ,.},_;,-___‘—M., o S R .,'V-J,"l -
TT 1777 T AREEREEREN Ry 2" |
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fob) 4 ox 0O not included.

is ‘(X) bUeChVC’ ‘
I yes, find £ (). ‘ 3D

Ans: Driaw.

Range (0,%) = Codomain. v~
101+

yes f) is bijective.

Fmdma £'(x)
£ (o,°) =& R

y= F60 = €& | NGO
¥ =l £ 0x) = ¢f /

Solve for y - y = In(GO / 1
£70x) = n(x) .
L] | »

Ig- Mar — 208 Sers

Boolean Algebra

- |Au(Bne) = [(AuBdn(AUC) <> * 5, V(S2ASs) Z (S1VS2) A (54VS3)
.l\u \,’f'\’)r

— -I /
(Aum| = AnB > » (5vs.Y = Sk SiAS,
-] (Anej = Aus | « |1(SASa)| T 18 N18Sa

_:Vc»'m diagmm representation :

L

\ \ N ‘
] — . . 0)
Prove sel eqné_by comparing | Prove boblean Algebra g b‘f »
elements in LHS and RHS . Comparing truth tobles

vSuppﬁse 4‘unchon $lis 1=1 and onfo  Cbijection bijective )

L fer Bl

_tnen (FOP)(1) = NR==mnu
; G‘oF)(z) L1 p2r=2y |

L-FOE-)(B) =3 13 3/

’ -+
b2 . 54 =

i T i I - fildenhb/ map-l (le y=xD ‘
Ldem‘H\, qu wuu map each element | +o lfSC‘lF | Same. |
]_dgnhfy map. compome any other bijecive funcHon | Will resull in hl;ij-ccﬁvc Tunchon |

')

1
! - | -
R A
H g 1 | '
H § |
i
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With finite set

eg:  any ¢t bijeckive function | Can be Tepresented 0s cyde

2= (1 4)(2 5B)
Ques: Find least nteger value n sk FoL=T

(3 is nok m:rrhoneci be 'Il' maPS to HSCH:),

Ans:  n= LeM(lserAl,-Iseta{) Lom (| cyele 1] Jcyede 2 )
= LeMm (2,2) = 2 |
f*1=I , $of = T,

Eg:) F= (1 213D ¢4/¢!5)(7!8)

. Damain: l

&

: 2 = L‘ L é\:}-\
3 :.‘. § S ey TS T

. Co-domain = Range * l 2 3 I 4 &

§5 8
Find least integer Value st " =7

n= LCN(3,3'2') =€

e ft = T

Lk $2- |3 [ 4 25"’[‘*['718_’
£22 |1 ll2ilialliq] sl]lelllel]l 9]
,t'-\:.li 3 |1 ¢! (4 5! % Q
‘{5=[3 I z—lslg_!ﬂl?lﬂ
o= [203] a5« =2]¢]

£¢]
| )
a 2
3 _3

) 4 i
5 5
6 6

| Tderdity Map

g [ 2(3,4. ¢ 32

) a3/2,3,3

I | _lallal 4 33

s 31 NURNTIN I
4 b B A S I TP T O T
Lem =/ 2%>x8x3

%)
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Homework

LI et £100, 2) = (0,4 st f(0 = 05x. 2 Is f a function? Ls ik 1-4 PLs i
ente P Explain briefly .
V)

1-4 ber tvery value in tae

ans ¢ 4 ‘
t is a funchon . 1Y is et
co- domain s {nqppcd back 1o (‘)(adly one  €lement in The
e o ‘
‘ domain. f l's',: onto be range \ co domain | ‘
e L5 ) Ll be | almesh
I ~ l; 1¢n it )« ale e |2 Y freidiey Wit -

} (B f nol iy HPP. (l i Gt [H 1" f ln‘ cfi lv;rnn ' :
M- terif & 179, 8) — ©,3) st f)= |x+1 . is f a fundion? s Ik injective € is I

Surjechve ? Explain,
£ is not a function be for values Xx £ -1, thtre is
value in the codomain (X < ~1 has no

r
3 b - - '
. /!/Q-" ho corresponding ;
= - > image ) . And the: clements 1n the domain rnaps fo were. than
! ‘QXKL one ‘element in the—codomain-C one-to- many )

) Let £:(0,8) —> (a b) st Fo) =Jx*1 . Find a,b so that f is bijective. Then find
- domain and ramge of 7. Write down the €q‘ of £

ans.

V)
ans in order for f 1o be bieere bijecive a=21 and
{ 3 .- e =
1/ b=3.
! #7011 Homaln of £ = € /3).
range of {7'= (0,38).

//

' =2 x=]y+e
|+ | x?ri =y
L T () = x P 1 ANl -
| o1l 3
! 'N) Lér £: M (4,p) —>(a,4) st FO6)=x%. find a,b sothat f is bijective .Then find the
dbmain_and:mncjc of 7', Wrike down the eqn for £,

_a__r1é= ,ASSumircj e

e e R N S ._'_; > ! QD)
| 1‘1‘2024 ‘ A | ‘

| iTﬁ; rfnake‘-f-.‘ bﬁéCHVc, a=lt b=-2

e e Se—

R e S S—
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S SRS

e ——— \A,ﬁl SRR

B e o, s

s

V) Llet F:11 2 3 45¢3] > 1423445673 s+

f1) =2, f(2) =4, #(3)=y4, f(y)=5

20-Mar=-20lg  Def :

’ .

flsy=¢ , f(6)=7F ond $(7)=3

7/

1
{
>

ke p
L —w
U-]<—..£'
N O
H <D

7
P
3
F:'nd.F" anct 3. wiite £ as a Composition  0f disjoint Cydles, then Find +he Smaliest
pessible Inhger nz24 st f"= T

ans: F as disjoint Sek cyctes: (1 2)(345¢ 1)
F2=11) 12| g lgl |3l 3] |4

fi$i=10) |4 £ 13 138 14| |5

n= LcM(2,5)= 10 so £° =

Assume A and B are o sets.
we say 1Al = 1B ¥ +here is a égechve Funchon f: A—> B

We say A is countable if

- either A s a finte el
° or there exisks a bijedive funttion from A—>N (or A— N*)

Otherwise A i uncouniable :

‘Results: 1 Assume |Al =0 and |B| =n<eo

then | ALB]| = [Al

|2 ASsume E{ . B F;!, ey y Fne, Fres , -+ dare Countable

Then UFj’s 1s a countable Se:"

!Statement: Z js Countable
 Proof ¢ f: 2 —> N

Fn) = 3 on i nzo Mopping +ve integers 4o even numbers
~2|n|=1 if n<o and Negative integers 1o 6dd numberg,

__and f(n) is_bijective

| can conclude 2] = NI

| and .,Z_is,T Countable | |

lS+a+eman:! op;.s Courmtable Hf:nce el = Iil = IN|

,, Z | Wh'lchlI'S. Courtable
,,,1;.,?% t2Z =7L+a l‘a ez} , Countable

E (—-— + Z.) U (2 +Z) Aogn-};ab-lci
ﬁ' = (.1 +;_§) U(s + Z) coun-hblf_
(i+z.) u(_z._+z)u (4 +z) Countable

F,, U(2+2), a<n, gedcan)=i, counasie.

"‘_Ai-!bhal -14- oF elemcnfs L wWifh ged (a,n) . =1  is ¢pn)

e
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® =LUF 3 countable

any rational numper a
b !

e F:_ h\j

355’ (a,b)=1 Can be found in f . Eg "5'_-

n
Nk
+
M.
~
p—

fact:  There is no bijedive funcion ¥ from R — N

Hence R is uncountable ond IR [ # IN |

Question: Convince me that | (~e0, 00| =1(~3,4)] = IIR]
We Show [(-co0,0)| = I(-3, 42

Produce a function: f: (-e0,0) — (-3, 4)
ft) = 4 -3

1'(
L /

Y

———-———-—-————L —————————— ":3 i))

N

Hence | (-20,0)| = |(-3,4)]

Side note: Suppose asked 4o show  [Eeo,0]1 = [ (-3, L)
Since | (—e0,03] = [(-3,1)]
and (=00, 0)Ui0o} = (-e0,0]
we know [(—e0,02|=[(-20,0)]= |(-3,1)|

A ']
¥ '_t) -_— | 2\ o |
4 /
i \A >
-~ =}
- - | h 4
= | )

- { ‘
| ¢
|
J

[ |
{
|
{
:
]
1
{ \
: ¢
| {
| { ‘
5 e - TR ‘ ‘
i : ‘ . é
i + 1 1 i |
O I A A { | | |
e rae i i M S PR SRR !
! { { |
! 1 | i
i 1 | i | 1 ) |
— b IO . S ! ' -4 : :
! T || |
| 4. & & 4 .4 1 o dede ot O ; _
f { 1 | } { | ! | { |
L f—d—t—1—1 11 I |
‘ i ; i | ] i ' i | l
i * ,‘ i - Lrrind . - +— : .
§ g | i | | |
i { { L i : 4 e ! H g '
/ i ) 1 =iy ¢ i {
| 5 oy ot 8 4 | | 7
i ! HENIDN I GO O i .
1 i | H { J { \ $ 4 i J |
P ) I R A e e e foout ! i
it ¥ ¥ ‘ i i +
;- sty GO0 E “-_“
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Home work 10

Zli- Convince me that |[RI = [(-4, 47|

ans : first  show e5we [(—e0,0]| =IR]
Y ) ]
i feo,0) —>iRE fooR = (2 o)
fx) = In(-x) \ e
is bijective ) __t_“_ D S N S
v [(=e0,0)| = |R]
(~ec, 0) Uiof = (-eo,0] (0, o) —% (-4, 1
l(—mlojl =|(-e0,0)| = IR
So |(=e0,0]| =R 4
1
second: Show  |(=0,01| = |4, 41| . / | 5
(me0, 23— (4,417
(x) = 5e* -4 e == i N HEN ! VA SRS (et
D . J Y=r4
' is bijective
| (=0, 0] = [(-4,47] ond |(=eo01] =[R|
Hence. R =|[(-4,17]]
Since ™R is uncountable , (“h4,141 is also uncountable ( i
{ — 0,0 ¥
T Convince me that [(-40,3)] = ©-66-((0, 0-0025)]. L4 13el e
‘ans: firsk :  Show [(0,00)| = [(-10,3)] T ‘
__"__'-‘_____'__y 2
flx) = —43&* +3
s bijechve - - 18
e (I (T2,91= ¢ol, o-pobst) 1" 1]|_ ‘_
il IR N (-} w)| =1(-10,3) | | V4035 &
1 | . |
Second : Show (0,001 =1(0, 0:0025)] LI Lt yi= D002
[o,ao)—:-'(o,o-oozs)
| 9(x)=,-,o-ooze" +0-0025 < -
) ) 1 is bijecHve
| - [ (0,1 = 1{0,00029)] _and (o, =I(~do, 3)]
- Henee | (40,301 = | (o, 0:-0025) )
1) is oo et A= (0,01000083)0 @ finte o Iniite. Ts A courtabie
.Gns.. Betw: Qny “+wo rational  numbers there are mFrnl’rcly mMany rational numberg
So A IS mﬁnn‘e ACQ. S:r)cr, @ is Coun+ab!c Sois A..
@

it RQ; .SubsetDP Counﬁ:ble sei— -:‘- Courrh:ble €g (2, ) C ® = countable
_SHSeT of | uncountable et —> Countfable or Uncounf'ablc_
By cs MCR. -i»counhug {Z CR —> countable , (0,1) C R — uncounable

e e S e E ST < 1-*; -
{ ‘ i ‘ -
: B v s S
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ik Lt

tHowt ronvert betw. bases:
eg: (224), — ( Pl

o)
24 s
anst | gf3is] < o rEre
—ic — -20 0
—220

H Stop

Read digits right 4o left (backward) (425 (124) = (444 )s

check: 4\-9_—5;; 4x52 4+ 4x5' + 4x8°
= 12‘_‘ ~—— Shorter ¢

g (1236); — (2?4

Aatpod  [x3% + 2x37 + 3x3' + 6
=(H46%8) 40

eg: (145)3 = ( P )y
ans ¢ 1x32 + 4 x3 + 5

= (82 )40
{ 11 1 6
go back : Fla2 F 41 7 [t
| | =72 [ Jdzl | P -0
5 H & (stop)

@210 = (Lys)?

l-April —20i8  bose 41 0,4, ..., 9, A
v S 10

base 12 O Loue) 9, AL B L

bYi0 =+

bose 167 0,--°,4, A,B8,¢, D, E, F

& use

letters o represent nNumbers . above 9 with one character.
i
'
{
i
i -
f 1 1 |
N
| 4 I | - i 4
.
{- 1 1 fe |
i Ll
! |
_ I VRO SO S
| o 1
{ L ‘
o (G G (R T
| ) 1 ] 1 {
] T T s
AT |
= et - !
T } { i 1 i
- - - - - 5 12 $iet
i t;l,, R N AU S | N
— 1 i t 3 ‘ ‘
- [ S SR A O S W | | | |
i + : Loty i l.f byeidpeaiy f T iSRRI WS NP N

Stop.

y)

)

0 )
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