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Felations and Functions

A relation R Ffrom set A to set B is a
subset of the cartesian product A x B.

If (a, o) wesmg in K, we write a R b.

Types of [elations (in a set A)

/. Empty Relation : o element of A is

related to any element of A.

R = phi (subset of) A x-rA pair

2. Universal Relation - every element A
A is related to every element o A.
L= A Y <-all pairs

Both empty + universal relations are

called t#rivial relations.

-

Three Key Properties ' o

{5} [fellexive (a, a) in K for every a in A

%

(i) Symmetric (a/, az) m e =7 (azl a) in I

(i) Transitive : (a, a), (a, a) _in R
=7 (a/, a) in R for all a. in A.
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 Eguivalence [elation

. S X

_/-l relation ° on set A, is jcql_lepfi an
IS Sl e

o eZUIi/alence r_elaf'ti_)n_ e _l'f' s

<-all 32

| | RefAexive + Symmetric  + . Transitive
| Example  (mod 2 on 22«
g P

R=1a 6 2 dividis

22 o la el = 00 b relexie
KSwiinons2 3 wla = p) 55 0 o e
2 (a-b),r 2 (b_‘c_) e

B2
. = 2 Gkl b0 e aod)
L So R is an szwvé/er’ce_fela_ﬁbf__oo 2 e

~ Eguivalence Classes 7

= s ;
| An eguivalence relation R on X e
| partitions X into digjoint subsets A L
W all elems of A. related to each other
o=t

( Gi) no elepn of A related fo A7 07
XI A;‘ A "_J_ ,:____B_"_'__. G ,-

i) onion A = Ay
.*_

f g piod = on 7 gies [O), [/], [2] . @ ¢
B /G, 120=Gd, - 2
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Types of Functions

One-0ne Function ( IQjechi/e)

fa e oS Y e Oné'One £ distinct

|
|
o ;J elemenfs have distinct f'maﬁes.
|
|

<- J}Qjecﬁi/ffy
< - test

y!
X

| ) = He) =0 &

Otherwise £ is called FrohT mMany -one.

| [

| ' I .
% oNne=one

|

i :

- Onto Function (Sudecﬁue)

P o Ve st E every ¢ in Y e

the :'rnaye of some x in X.

exitts % s X - fUx) z"?’"‘f’ey

i

Y I‘n”}‘/

Byective Function

|
' If £ s both one-one and onto,
>1C ‘s c_a{led bhective.

Mote : Finite set X, £ + X -7| X ome-one <=7 onfo,
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Function E xamples

/

B Ff R -7 K Hx) = 2x

]

Ore-one

f -R/x) = 'QXZ) == o, =0l

| Onto 7 :
' ey i IS take G = /2 in R
| then -F(V/Z) =2 7//2 =y onto

| So £ is bpjective. <- both

Ex. -p.'ﬁ'7f(', Rx) = x
Hen = = B = TIecioe not one-one.

[
\
|
\ 3 :

\| Also -2 in co-dom has nro pre-image

=X
G == 0O) = not onto. v 4

L Bx. F M -2 N He) = 2

] ong-one . Zx/ = sz = X, = x,

Lowiol onfo = ) in A has mo pre-i}naﬂe

| (need.s S i //Z, not in M.

; Ex. Modulus Hx) = K - K
L2 = ) = 2 =7 not one-onre; .

Ranﬁe = [O, inf? . =Z ot onto.
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Composition of Functions

F i £ A|l-7 Bosandd g ¢ B -7 C.
Then the composition g o £..4d 7 ¢ s

¢ _o_-w“)(x‘_? =t BJ ), Gl x A 8

g6

Properties _ o 3
2 . general g o £ = £ o g (not commutative)
(i) Associntive & h o (g 6 £ = (h o g)oE
Gii) f £ 9 both one one =7 g o £ one-one
(v) IFf f g both onte =7 g o + onto

| Ex R’xh.cos x, q(x)«...'s‘ x . _
e £ OJ = gleos x) = 2 (ros x? = % o9
f o 9 (x) : A2 x%) = cos(3x? i

/-H' = O P 50O = 8, w08 O =
_Thereﬁbre ﬂ°F'—’E°j

Scanned with CamScanner




Date : Page : 6

 Invertible Functions

A -pqn_cw"for__) __—JC e -7 7}/7 I.S t'r:verhl?{_e

_ J'F_ﬂ_ler_e e);:'.s_fs

v

o X

such i"haf_ £

wgoﬁ:f

£ Re

oo g =

I ; < - :'denh'f\/

Yo —ezom e

—
e

Then 9 s the inverse o_ﬁ_/—; ‘written

g

Key Theorem

invertible

T c=> £ s biective

2i5e .show'ny 10 /s ong-one 1+ onto is enou\?h

to prove mverhbrhfy, even w:f’houf ﬁndmy
the actval -Pc-r-rnm‘a- inverse pormula

Ex. oty )= e 4+ 2
_where ¥ =

(v iniit 2 v = 9xt3,
Xk oS
. G 2l
Shee 20 de#me g ety s 205
({(9x+3) - 37/’7'..:: x
G({y- 3)/9) o2

(7' 3)/‘7’.

Step / o take vy =

=7

—
—

\ X

- Step 2

—
e

-_—
e

Hence” £ is invertiole, Ry) =
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 Relation ﬂ” on A

Reesive

S ym mgﬁf’rtic .

Tra nsitive

 Eguivalence

(a, al n X

C_Q_ndl“;"lbn \

(ap) =7 (o)

Alap)+lo,d=7(a )

all_ f'hree abouve

Peprye 0. 1 K= ) .
Universal : 5 = A a4
Function Quick Check's .
Ore-ore : Ax)=fx) =7 x=x, ,
- Onto Range £ = co-domain -
- Bpective - one-one  AAMD  onto ;
- nvertiole <=7 wjective __
Counting Facts (small sets) : .
Momber of ome-one maps (12,3} -7 itself , .
= = = .7.’9 (perm_uf_'af_'lb_nS_) : .
Momber of onto maps (/2.0 -7 itself _
= n? lone-one on finite set <=7 onte).

1_39_;00_5_ A = h =7 200 _ (ege_vae relations.
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