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Today Topics

* Roots of Equation

* Bracketing Method
- Bisection Method
- False Position Method

» Open Method
- Simple One-Point Iteration
- Newton-Ralphson Method
- Secant Method

- Multiple Roots Problem
- Modified Method




Roots of Equations
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Zeroes of Functions
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Zeroes of Functions
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Zeroes of Functions
y=x3-2x°+x-5
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Zeroes of Functions
y=x3-2x°+x-5
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Roots of Equation
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Methods
* Bracketing Method

- Bisection
- False Position

* Open Method

- Simple one-point Iteration
- Newton-Ralphson
- Secant Method
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Bracketing Method
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Bracketing Method

plot of y=x"-5%-5
20

f(x,)f(x)<0

15 F------- ___:L___________L___________l___________;___________% _____




Bracketing Method
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Bracketing Method:Bisection
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Bracketing Method
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Bracketing Method
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Bracketing Method
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Bracketing Method
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Bracketing Method
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Bracketing Method:Bisection
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Bracketing Method:Bisection
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Bracketing Method:Bisection
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Bracketing Method: Bisection %

¥
Fanan £(12) £(16) < 0 uazfnpusmuied Error 731/ 18A101519(A1 ¢, AM01210A1 True Value)

Iteration X, X, X, € | % ‘E}‘ %
1 12 16 14 5.279
2 14 16 15 6.667 1.487
3 14 15 14.5 3.448 1.896
4 14.5 15 14.75 1.695 0.204
5 14.75 15 14.875 0.840 0.641
6 14.75 14.875 14.8125 0.422 0.219




False-Position Method %\\
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False-Position Method
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False-Position Method

x, =12, x,=149113

£(x)=6.0669, f(x,)=-0.2543
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False-Position Method ?\
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[teration X, X, X, ‘{?I ‘ % €, |, %
1 0 1.3 0.65 35 100.0
2 0.65 1.3 0.975 2.5 33.3
3 0.975 1.3 1.1375 13.8 14.3
4 0.975 1.1375 1.05625 5.6 7.7
5 0.975 1.05625 1.015625 1.6 4.0
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False-Position Method ?\
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Iteration X X, X, ‘E?I ‘ % €, %
1 0 1.3 0.09430 90.6 /
2 0.09430 1.3 0.18176 81.8 48.1
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4 0.26287 1.3 0.33811 66.2 22.3
3 0.33811 1.3 0.40788 59.2 17.1
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Open Method:
Simple One-Point Iteration
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Open Method:
Simple One-Point Iteration
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Open Method:
Simple One-Point Iteration
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Example 7.4: 1y Simple One-Point Iteration W13 1NUBITUNT f(*f) =e ' —x

Sotution: A5 HTi5 W enaums nidall x = ™ uasfmiue x, =0 9I0¥I31 Treration
Iteration X; ‘er‘._ % €, |, %
0 0 100
1 1.000000 76.3 100.0
2 0.367879 35.1 171.8
3 0.692201 22.1 46.9
4 0.500473 11.8 38.3
5 0.606244 6.89 17.4
6 0.545396 3.83 11.2

7 0.579612 2.20 5.90




Open Method:
Simple One-Point Iteration

Iteration X, ‘Er‘- % e, |, %
8 0.560115 1.24 3.48
9 0.571143 0.705 1.93
10 0.564879 0.399 1.11

TagA 123 3UD 1 Root 71D 0.56714329
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Example 7.3: 14 Simple One-Point Iteration W13 1NUDITAUNTI f(r) —e " —x/4

# # ¥
Solution: 1uA3 AT WIBUaNNT INAIN x =4e™™ uazmyiua x, = 0 917U Tteration

Iteration X; |€r“- % e, %
0 0 100
1 4 232.7322 100.0
2 0733 93.9058 5.3598e+003
3 3.7174 209.2270 98.0292
4 0.0972 91.9158 3.7251e+003
5 3.6296 2019171 97.3224
6 0.1061 91.1732 3.3205e+003
7 3.5973 199.2339 97.0502
8 0.1096 90.8839 3.1825e+003
9 3.5848 198.1948 96.9429
10 0.1110 90.7693 3.1305e+003

26261 3.5766 197.5121 96.8718

26262 0.1119 90.6392 3.0967e+003




Open Method:
Simple One-Point Iteration
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Open Method:
Newton-Ralphson Method
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Open Method:
Newton-Ralphson Method
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Open Method:
Newton-Ralphson Method
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Open Method:
Newton-Ralphson Method
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Open Method:
Newton-Ralphson Method

Iteration X; ‘E} ‘ %
0 0 100
1 0.500000000 11.8
2 0.566311003 0.147
3 0.567143165 0.0000220
4 0.567143290 < 10‘5
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Open Method:
Secant Method

o

:: 1 kL q M=t ar a -d%'
21NNNa1LE? s 15 5ve Newton-Ralphson Method HU 137192A®3% 1 Derivative U84 Function 43114

S 3
1 o [ =1 1 = [ A==t 1 o o=
Function 324171 Derivative 1ae1n310 Tuns il 15191992 1975m31523n94A1 Derivative A31l(931))




Open Method:
Secant Method

f'(x) = ACTE) : xf_(x")

X,

i-1

4 EY n v
dieaaumst1auu lunua luaun15ve 1 Newton-Ralphson 1519 19

X, =X, — f(xf)[x.j—l B xf]
f(xr'—l) o f(xf)

3
ﬁﬂlﬂ'ﬁ‘ﬂ13ﬁiW1ﬂﬂﬁ1ﬁE]ﬂ1'%T’l1 Estimate U899 X 91UIUADIA

( Secant Method Formula )




Open Method:
Secant Method

1 L E =iy J
Secant Method 8193 11 Converge 813 Wdana039AT Tlmanz ey uj

r

LY o ) R
11U Converge (L7 U2 Converge 1a157

=

= 1 1 = .}I 1A = = 1
Houm 19] Newton-Ralphson Method 8814 15na10 M3 Convergence YHD8NY Function LaAzIALI1 duni@an iJﬂ 13819
naaIMIlTaumeuns C onvergence DI f (‘{') =¢ ' — x(Simple One-Point Iteration (1Y Linear Convergence LlAz92

Converge 1110 liilduaasld valiindnwiana Plot 1o Taalddayanindedian 7.4)
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Multiple Roots

Multiple Root 3211]43A1 Function d1IA@AULAY X Na1IABA1 Slope 31T UgUE 8nAID e U a3

f(x)=x" =5x"+7x-3=(x=3)(x=D(x-1)

¥
lun3aiaruiitz1Na17791 Function 3 Double Root 1 x =1 331

35

30

; /
. /

15

0 0.5 1 1.5 2 25 3 3.5 4 4.5 5




D

(A

1139 1UN3 81194 Triple Root 131 £ (x) =x* —6x° +12x° —10x +3=(x=3)(x - 1)’ dsz1l



Multiple Roots

=i o @ Yok :: 1 =N y
381199 Multiple Root 931111175993 Numerical Method Nina 11 Aailaysii 1 da1n

Function 1i3M3u/asun3oisngfignued Root

1
=

-='?.'ll 1 o o A 1 1 o o q V= L
1. Nyad wann £ (x) azmn guduad m £ (x) azmnugudale vz linailayyinly Newton-Ralphson
1 = g a1 = 1
Method 18z Secant Method 8813 151ey f(x) azidnlnagudnau f'(x) myauazis1annsaazineg i
= = 1 1 =t = @ 1 -
103 llsunsaipazastadeun £ (x) uazviga ldsunsunaunm £'(x) axdugud geazai i [sunsy

(NA “Divide by Zero Overflow”
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Multiple Roots

u(x) = AC) uaz u'(x) = S (/' (x) _fg-‘f)f”(x)
AC) /()]
uaz a3 lunidii Tteration 131

~u(x,)

X, — X,
i+1 i “,(xf)

-1 aa: o
daiu 1

BN (A VACY.
G @)

TH Algorithm 1J’I~i‘f|_l‘|-H]vL1J11! Quadratic Convergence “LH Simple Root LAz Multiple Root LL# A9z 1¥nsfuaa

(Modified Newton-Ralphson Method)

1INNNIEM3UNAVD 3 Newton-Ralphson §1%5ULAAz Tteration




Multiple Roots \

Example 7.7: w3aumney Newton-Ralphson U8z Modified Newton-Ralphson lun5 8991541 Root U9
f(x)=x"=5x"4+7x-3

Solution:
'(x)=3x"-10x+7
f"(x)=6x-10

. 2 y X, —5x7+7x, -3
41113114 Newton-Ralphson: X, , = X, ———
3x; —10x, +7

Uazd 1171 Modified Newton-Ralphson Method L3 114

| (x] =5x7 +7x, —3)(3x; —10x, +7)
Modified Newton-Ralphson: X, , = X

" (a7 —10x,+7)" —(x] = 5x] + 7x, —3)(6x, —10)

4 3 o ar .
lﬂ’é] Run Iteration L‘I‘J”Ii]fl*ﬁl‘f'ﬂ'ﬁlﬂ‘].l*ﬂd@ﬂi IEEIRGGRE (.Tﬂ = U}
N



Multiple Roots

Normal Newton-Ralphson:

Iteration X; ‘E?I ‘ %
0 0 100
1 0.428571429 57
2 0.685714286 31
3 0.832865400 17
4 0.913328983 8.7
5 0.955783293 4.4
6 0.977655101 2.2




Multiple Roots

Modified Newton-Ralphson:

Iteration X; |.£?r ‘ %
0 0 100
| 1.105263158 22
2 1.003081664 0.31
3 1.000002382 0.00024

AU 1518115915015975903 Secant Method T1F1IAIAY TaaldM3 Estimate Y84 Function 2(x) uaz

o
u'(x) wilunsaisiaz linaiag




Comparison

|| 1
=1 g oy

o = o e [ o = o ._' o
7113%1 Root U84 Function WuFasd Ay d mivian: lumsuniasimuadiamaas tiasanmaunilymiy
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L

1 o ol =i ar q Plowac
Analytical Method lsieninsanszii 1anansal 151397131 1975119 Numerical Method

¥
o =l o o =2 =£ o -] s
11311173119 Numerical Method 9¥A93/A111494 Error 1 ud 178U 149 Truncation Error 181z Round Off Error
3' 3' ] ] ]
= 9 o o = = Y o oo 2 =l A o q ¥ = = =
UDNINUUAIIZADIAITININT Convergence VDI Algorithm A8 AINUMII@DNNTTINTNIXIIN Az uF ATz

==t

= = o oA Y 1 = =t Y o=y = 1
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Method I],lltlal ] Rate of Stability Accuracy Brfa.dth'of Program Comments
Guest Convergence Application
Direct - - - - Very -
Limited
Graphical - - - Poor (General - May Take
Much Time
Bisection 2 Slow Always Good General Easy
Converges
False 2 Medium Always Good General Easy
Position Converges
One-Point 1 Slow May Not Good General Easy
Iteration Converge
Newton- 1 Fast May Not Good Limited if Easy Requires
Ralphson Converge f'(x) =0 Evaluation of
J'(x)
Modified 1 Fast for May Not Good Specifically Easy Requires
Newton- Multiple Roots, Converge Designed for Evaluation of
Ralphson Medium for Multiple f'(x) and
Single Roots Roots f' ' (T)
Secant 2 Medium to May Not Good General Easy Initial Guesses

Fast

Converge

Do Not Have
to Bracket The

Roots



Errors and

Graphical _
Method Formulation Interpretation Stopping Criterla
EBracketing methods:
N X Xy fUx) & . N
Bisection Xe = > roort ‘ Stopping criterion:
H - 1,.,,.21......,....",.,.,
H fAx)fix) < 0, xy = X, * £ T x xnew _  aid
—— i d — |100% = ¢
fxdfixd = 0, x; = x, L/2 rew | €
. r
-
Lia
Six) &
fi Xp — X, -
Ax) — Hfxy)
i xncw _ xm’d
If f{x)f{x) << O, xu = Xr ————— [100% = ¢
flx)flx) = 0, ;i = x, " .’
Open methods:
MNewton-Raphson fix) & Stopping criterion:
fxi) Xit1 — X
X = X — r(x) X 100% = &,
Errar; Ej¢y = G[E,-zjl
Secant Fix) & Stopping criterion:
i fXd X1 — Xi) Xivt = Xi| o0 =
T T ke — fxg a0l -




Homework 8

- InAnsadLdauTlsunsuaadIuIa
wialyd Spreadsheet (MS Excel) 2178
AU

- wuzinlvitd MATLAB
- 1deau Function #9a Scratch File A'lg
- WA wINaNn Workspace 1086059

- Download Ara1uuazanauAIaN




	CPE 332�Computer Engineering Mathematics II
	Today Topics
	Roots of Equations
	Zeroes of Functions
	Zeroes of Functions
	Zeroes of Functions� y=x3-2x2+x-5
	Zeroes of Functions� y=x3-2x2+x-5
	Roots of Equation
	Methods
	Bracketing Method
	Bracketing Method
	Bracketing Method
	Bracketing Method:Bisection
	Bracketing Method
	Bracketing Method
	Bracketing Method
	Bracketing Method
	Bracketing Method
	Bracketing Method:Bisection
	Bracketing Method:Bisection
	Bracketing Method:Bisection
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Bracketing Method: Bisection
	False-Position Method
	False-Position Method
	False-Position Method
	False-Position Method
	False-Position Method
	False-Position Method
	Open Method: �Simple One-Point Iteration
	Open Method: �Simple One-Point Iteration
	Open Method: �Simple One-Point Iteration
	Open Method: �Simple One-Point Iteration
	Slide Number 36
	Open Method: �Simple One-Point Iteration
	Open Method: �Newton-Ralphson Method
	Open Method: �Newton-Ralphson Method
	Open Method: �Newton-Ralphson Method
	Open Method: �Newton-Ralphson Method
	Open Method: �Newton-Ralphson Method
	Open Method: �Secant Method
	Open Method: �Secant Method
	Open Method: �Secant Method
	Slide Number 46
	Multiple Roots
	Multiple Roots
	Multiple Roots
	Multiple Roots
	Multiple Roots
	Multiple Roots
	Multiple Roots
	Comparison
	Comparison
	Comparison
	Homework 8

