
Litigant:

R⇒p

4.) Complete definition of a function includes the function itself,

domain of function , and set in which function values lie.

f :-#jma.mg9

function go ;
codomain g
function

defined for
all se c-✗

Examples
(it f. ( ✗ 1 : ✗

2

,

☒ = C- 00,00)
, Y = C-ao , ao )

( ii ) fix / = ✗
2

, ✗ = (so, a) , ✗ = [0,00)

(iii) f ,CH= ✗
2

,
✗ = [0.x) , ✗ = C-• -00 )

( in fain = ✗
2
, ✗ = [0,07 , Y = [ ° / • )

(✗ I f- 1×1 : cosh , ✗ = C- • so )
, Y = C-oooo )

5

(vis foul = Cos ✗
, ✗ = (-00/0) , Y = [-1-1]

Hiii fzcxt. Cosh , ✗ = C-• to)
, Y = [0/1]

4.) Domain
,

Codomain
, range of a function f :X → Y

Dom (f) = set of all n for which f- is defined = A

codon (f) = set in which all possible values of f lie = Y

Rg (f) ÷ set of f-CH for all ✗ c- ✗

Weha Rg (f) C Codomcf )
In
subset



Exampbt of Range & Codomain

- for functions f , I f-z

Rg (f) = [ o , a) C Codon (f) = C - ao - a)

- for functions fz Ifa

Rg (f) = [ooo) = Codons (f) = [on )

- for function f-g. for fz

Rgcf, ) = 1-1 . if C Codomcf , ) = C-a. a)

Rgcfs ) = I-1,17 = Codon (f$) = I-1,1]

Rgcfz ) : [ 0, I] = Gdom Cfp) : [ 0, I ]

① Two different ☒
, .az EX

can have f-Ca) = f-Caz)

② But one point REX

can not have two

values of floe)F⇒¥¥¥÷÷÷÷÷÷"i_÷÷⇒
for ✗ , = -Ty

,

✗
2 -_ Ty ✗ is mapped

to twoµ,±µ,different
points on

circle



( 3.)

Tpesoffmctonsswrjecti-i.fi✗ → Y is surjective if for any

y c- Y ,
there is a se C- X such that

y = fc*)

✗
2

(case t ) f- 1×1=1-1, ✗ = C- a,•)

7=(-00/0)
"

not smieu.in
"

(case 2) fix / = ✗ 2, ✗ = (-00/00)

7=10,00)
-

- - -
- - -

-
- - -

for this J, there

is no

"

se
" suchthat "

surjective
"

y = f- Ca)

What changed from case 1- to Cox 2 ?
I.

Codon (f)

injective : f : ✗ → Y is injective if for any
y c- Rg (f) , there is a unique

a c-✗ such that

y = f- In)

/Tmpare definition of surjective and injective
21

( it in surjective, we have for any y c- Y
"

in injective, we hence " for any y c- Rgcf)
"

=( iit in surjective, we have " there is a 2 C- ✗
"

in injective , we have " there is_ax ✗ c- ✗
"



Case 1) f- = ✗
'

,
✗ = C- a.a)

y.c-ao.ae)

" not injective
"

,

" not surjective
"

(case 2) f- = sea
,
✗ = fu , -0)

y=↳.•,

"

injective
"

,

" not surjective
"

loses) f- = se? ✗ = [on)
all that we changed
is either ✗ = [osa )

"

injective
"

,

"

surjective
"

dom (f) or codomcf
) ! !

(4) Closed and open intervals

(a , b) open on both sides

n c- ( arb) ⇒ a < a < b

n
- r cannot be equal to a but it

can get as close to a as you
want

- se can not be equal to b but

it can get or close to bat

possible

(a. b) open on left side

[ a, b) Open on right side

Taib] closed on both sides
,
as a s b



It matters in
many

situations whether the

interval is open or closed

Exampte : f : ✗ - Y
,
fix / = ✗

2

CÉÉm : find a c- ✗ such that fire ) :O

Caset_ : ✗= ( - ao, a) Solution : se --0 EC-oo.ae )

cased : ✗ = ( o , a) solution : there is no REX

such that flat -_ Ot
.

"

no solution
' '

Casey : ✗ = To / a) solution : a :O EX

considesanothespewblem-f.net a C- ✗ such that

flat s f (2) for any
2 C-✗

I. e. find ✗ c- ✗ at which

fca ) is minimum

case : ✗ = [on) solution x=o EX

f- Cn) :O Sfc-4=22

for any ZEX

Case : ✗ = Coin)
"

no solution
"



Rootsprobkm : Given a function f : ✗→ Y , find ✗ EX

such that flat :O

Coset

*a) f- ( ai ) < 0
, flail > 0

#¥÷ ¥y⇐fas any functions

of cantos
case 2 type

gfH
)

•yy µ•,>o,fc•"É

Case 3

✓flat
:-(✗ - it

f- Coe , ) >0 , f- Carr) 70I#¥.

Fwao.f%
function of

""

"

÷
.

6se4 for
flat :(a-112 !

congee 4

fuk - ca - is
- fT✗i)70,f•o



Exod we already used graphical method in

analyzing case 1. 23,4 in previous page
.

- It is entremely powerful in analyzing the properties

of a function near point No such that flow)=o

- The properties we observed will be used in developing
numerical method

- But it is inefficient , can not be automated
,
and

accuracy is limited

Beeacketingmethod We consider problems with function

that fall in either case 1- or case 2

|
G "'M
*° * "→ " " " " ← ✗ "̂ " " "

then there enisf Ro C- [se , .kz] such that

fluff

Bracketing methods use above property to locate point no

There are several bracketing methods

( is incremental search method

( ii) bisection method

( iiit false position method



Inoumentalsearchmethod Let f- : ✗ .

→ 7=(-0/0)

be a faction .

Steph : suppose we know two numbers sea , see C- ✗ such that

f-Cau ) flail so ⇒ no C- [ Re , Ru ]

stepti. Divide [ a,b] in smaller uniformly sized intervals

ith inbred ✗
n . . ✗n X, = Xe×iiÉ¥

✗e ☒ ; ✗ iq , Xu
✗
n = Xu

K→k→

Xz - ✗ ,
% - ✗2

' -

suchthat- ✗
z
- ×

, = Xz - Xz = . . . =
✗n - ✗n - e

steps : Foreach 1-
• 2 ,

. .

,
n - I

check floe :) foe :-, ,) < 0
+
If true then because no c- [ Ri , Ri -1,7 suchth

fcseo ) -0
he store Kitai -11

2-

osoneofthesolntuin ( we treat midpoint
or solution ! )

Attheend
.

we have list of
+1 for those

i that satisfy flni ) fcniti ) < ° .

He
0uasohtw@



↳:?⃝y( it For cases where multiple no . enists and they

are close by

t.EE#hxEE✗
u

1<-1

in this interval there

are 5 ✗o such that f-tho ) :O

but the method will return

only one solution from this

interval [ ✗2 , ✗3J

IT
Rem-_edy : Take intervals of smaller

sizµ

Éñf
By taking intervals of smaller and smaller size

, we can

get arbitrarily close to all the point no such that find :-O

Hi

wewd16okatearosmoreinnentmeth



✗man - ✗min

I

✗min
,
✗min -1 Di . r

,
✗min -1nA

☐ = ✗÷mn

⇒ fun / ✗ (Kl )
* fine 1×14+11) < o

e
t

a- 1: :)



y@Ct1sinliox-tJ-twss3-xtTg-fCl0l.g1101dt°%s%*→- 3-✗sin (3 # a)
|h=em✗

2 -192 - 2mg

h- I - I = hfi, 1)
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plot of root intervals (case 1)
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plot of root intervals (case 2)
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Bisectonmethod This method allows calculation of roots

more rapidly . However, it can only compute

one root ! no C- [ni , ni]

' a:]

¥÷""iai: : :

foie
,fcññ<°→"" . : :

A it r

* $

.

'
'

.

.

A i. Rika:

a. , .µ←""h→
see:*

:

,

i
$
- i

i÷ a:-&
,÷É÷ñu=ñ"

""

:¥e.÷
.

→

closets i

tore
a!!ñu=LÉE

:

É ai-ri.it#--iseiu--aie-oii..ai-:-EIJerror is

:* :
decreasing É ni -- ai iq÷iµaÉ=kwith * • .

, , ,

incurring ÷, |xj=aE-Iiteration
1

But houris
error defined

"

-
? bisection method µoµimproved solution zei

,



2-rrorinbisectwnmethod

Let ai - r
s root from iteration i -1 and sie" and aii -

Ri-2-1 ai - 2
such that Ri! = z#

tet Ris root from iteration i and sie
"

and semi - '

such that
a; = aii 't xii '

e-

itesi.ee

ai" rain
"

i a + seiu"
a:-.

"

Rµ=ziti
→ OR -11

aiiixiiz iii. ais aiiiaii ' aiiiaii

Thd
Ei :-. I x: - rift

=/
"

-

a:| or 1
"

-

ai:/

Ei =/ n÷ 1 or ñi:/=÷÷÷:÷1:÷::÷::"



⇒
internal

width in ith iteration

= 2¥ ( initial
internal
width /

Trent
,

note that

Iria - a:| = £ la - a

'

I = ¥ la -
n:-21 .

. -

↳ = * In: - nil
&

Ei = § lxiii ' - niet = § lnii
'
- a

' I = :-, lxii
"
- aii " /

internal we started
" "" ii.

☐1- error at iterator i is simply ÷
D where

rhermaliudeeaosinbisectnjmthod , ni - se I
eai = ,!÷,- ✗ 100% .
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p • p ⑨ µ to



Thefdseposituinmethod In bisection method
, we take the mid point

clever way to get the approximate root

* ÷¥÷f
" "" ""
÷ .÷.

fta¥
← line connecting ( see , flail

and fan , final)
☐ Consider a line connecting ( see , flail) and Cseuifcani)

Equation of this line is

y - flail
→

= "÷-÷÷÷÷-÷=t:÷÷'÷÷÷
.s=MHtm-t f¥Il:i÷)

☐ Jes such that J =oI ⇒ fine) -1 (final - flaw)↳[÷,) =0

✗

OR equivalently ⇒÷÷"÷→I

compare this with bijection solution



A false - positron method uses values of function
'

fine) , final

also to find the root Is .

Limitation of false - position method

for factory with very large slope, the improvement in1-locator of root after each iteration may
not be substantial

OR in other words decay of error with iteration

will be Stow . 4

. with each iteration
,

( it we are moving towards Rs¥÷¥¥÷¥€÷÷÷( it but the change from
R's to a} , a} tools,

23g to 24s
,

. .
.

is not large and

the change is getting

c-
the closer we get to as,

due to the fact that the harder it becomes in

fine ) is very large further improving the

resulting in lines with very solution

6vges6p


