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Today Topics

* Numerical Methods

+ Errors

+ Transcendental Function

- Series

- Power Series

» Taylor Series

- Maclaurin Series

* Function Approximation

- HW VII

- MT Exam and Cumulative Grades




Numerical Methods
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Laplace Transform w3a Z-Transform
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Numerical Methods

5815119 Numerical Auaaldfuun'launignis
Graphical Method waglduiunns
In’rerpola‘non weidlafinsdsedwsraniiinas
fuan Afinnsinaauiieasiainunlad uasuene
autaauasizidaantdusnanlninig
AMAFAIRAT AN15@N Algorithm waz3ignns
auldsunsu sruden1sitansiainnu
NaWR1a(Error Analysis) uwasansaienig
Convergence uag Complexity uav
Algorithm
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y=f(x)

Y=f(x)=2x3-4x2-7x+5

w1 (k) vadu £(0), f(-2), f(7) ve

wAENNTT F(x)=K agenn 1y wia x Avinli f(x) = 0
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Quadratic Equation

Polynomial Degree = 1, Straight Line

- y = f(x) = mx+b; x = (y-b)/m

Polynomial Degree = 2
y = f(x) = ax?+bx+c

wAguAIsy = f(x) = 3 1 'le

- y' = f'(x) = ax?+bx+(c-3) = 0

- x = [-bxV(b2-4a(c-3))])/2a

Polynimial Degree = n, n > 2

- hifigunsiaanselunisun,

- w6l Algorithm Tu3guag Numerical Method

- Algorithm agiilu Iterative Method

- @Aanauaad Numerical Method agliiuaalszune

D Avavgneiasduisan 1u Iteration Agedu (Aruwdrauuduy) 61
Algorithm Converge




Iterative
Technique

Tisunsuay Converge
a1 e <e .

[ Start |

Iteration=0
Set e,
Init. Xo

:

[ITteration i]
Iteration += 1
Calculate x;

Estimate e,

Errore; < e,




Errors

- TunmaineaumItaasuanAlg
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Errors

* Round- Off Error iinainn1sifiy
aaulu Memory 2a9AauNIAATUY

s1duuIauay Memory 310H uas
TuagniIns1lviniuilsuidanasls 12u
Integer, Long Integer, Float, %52
Double
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Errors

+ Truncation Error ifa31a Algorithm
usaiEiis1vinanwaasar1uIon ui
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AN 25121228 wazis1 lvlaun
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- A1TAIUI AL AVITNITUINAT Y AY
Infinite Terms dvaslan1ignsiav
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Precision, Accuracy,
Significant Digit

é’oﬁuwﬁui‘]uﬁavm”aa%’h Error 1mdunnwa iy ey

walzaausu'lania'ly uumuaﬂﬂum'smmsmmmw

120911 Un@dauiazldldeunieianssuamansay

AvuaeIaa Significant Digit uazazaanliainul

Liuaunavaniauanagnuanvinavindy aoludiuay,

Significant Digit- 22UIUDAFITUIUNA AU IFIRUT
az1in' 1112 eaen9iiula

AN Accuracy BuNafInILRUNL Latdulda1lnaLAag
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A1sfivtiln

Precision = &1
Accuracy = 6N

Precision = GN
Accuracy = 6N

Precision = 6N
Accuracy = §v

Precision = gv
Accuracy = &9

©)

4‘ Accuracy 3aanna1 Error niAasc1idIvaLRdaaay Data AuA133

D M\ Precision ¥aannan Vvariance usa SD Aavnauuay Data



Significant Digits (Figures)

+ AaceANIANNINaTUNTAINUARND
Precision |
- waanamaariulauduaiI Y LREAUETN
oh) 1l |
- udugaaritaniiugiuaag s.f. 1erAIIAIUG
Taaldiasagniune ‘bar’

+ Examples
- 11.152 = 5 s.f.
- 0.00879 = 3 s.f.

- 000125600. = 6 s.f.
- 0123400000 = 7 s.f.
- WRAMYANNAAAY s.f. Aagluiunla 11ivin
8115 Round-Off L2y
- 456.389864 (6 s.f.) = 456.390
- 1287563.94 (3 s.f.) = 1290000




Error

AaATILaAEIINNATALLYIRSY
WudaArnuaa Accuracy
TRIN[R14Y!

- Absolute Error, E,

- Relative Error (%637n@A1339), e,

uanaALFII

- Estimated Error, e,
- Adszunauuayg Error (Relative Error)




Absolute Error

True Value = Approximation + Error

1ie

Error = E, = True Value - Approximation




Relative Error

Error ~ True Value - Approximation
e = 100 % = b
True Value True Value

x 100 %




Error Estimation

- Convergence
- Divergence
_ Approximate Error

Approximation
_ Present Approximation - Previous Approximation

e % 100 %

a

x 100 %

e

a

Present Approximation




Mean Square Error(MSE)

° ‘Ium'a'l,ﬂ%ﬂmﬁﬂummumnmos $INIAT
wriasuAuAIndssnarld dniunauuad
mamo muﬂau"l?jmmaﬂmao Error ‘Iu'sﬂmao
AadauadAnavaaduad Error Tuusiaza 3an
Mean Square Error

- m"l,‘m Y Lﬂummmasa u,auY Juafdseunanle
g1usuAuadnlating N fating

- A1 RMSE a1 Root Mean Square Error Aaan
Square Root uavmA1 MSE

1 N-1
RMSE = \/NZ(Yi—Yi)Z




Functions

- Wuanuduiusuang Set uag Input
ey Set wav Output

- Function &hu1saduan Input leviane Set
(araails)

- 115 Mapping tdunaLéen
- @1 Map nauaziilu 8n Function Miflu Inverse
Function AuaiLAu

« Tnverse a1z L& 11n5uu19 Function
X Y

) () mmp y-f(x)

x=f1(y) anag'ludl




Polynomial Functions

- tflusduuyvag Function Mdaiga

* Polynomial function Degree 'n’' azatilu
5U229(One Argument)

y=f(x)=ax"+a X" +---+ax* +ax+a,




Polynomial of degree 2:
AX)=x2-x-2

= (x+1)(x-2)

Polynomial of degree 3: /\
AX) = x3/4+3x2/4 - 3x/2 - 2 / \J

\~/ = 1/4 (x+4)(x+1)(x-2)
) | |'

Polynomial of degree 4: j
AX) = 1/14 (x+4)(x+1)(x-1)(x-3) + 0.5 [\ f,f""g |
| e T ||
/\ :lz i | :I"',I'. I'I:
\/ Polynomial of degree 5: ' \
Ax)=1/20 (X+4)(X+2)(X+1)(X—1)(X—3)+2 |
|
10 o Hx) Loo Ly
\ |
5 50 I’ \
\
0 > 0 M -
X 1@a1u1ain *
& http://en.wikipedia.org/wiki/Polynomial 50
|
_m—ﬁ 4 2 0 2 4 6 Taa a0 2
Polynomial of degree 7:
(%) = (x-3)(x-2)(x-1)(x)(x+1)(x*2)(x+3)

Polynomial of degree 6:
AX) = 1/30 (x+3.5)(x+2)(x+ D (x-1)(x-3)(x-4) + 2


http://en.wikipedia.org/wiki/File:Polynomialdeg2.svg
http://en.wikipedia.org/wiki/File:Polynomialdeg3.svg
http://en.wikipedia.org/wiki/File:Polynomialdeg4.svg
http://en.wikipedia.org/wiki/File:Polynomialdeg5.svg
http://en.wikipedia.org/wiki/File:Sextic_Graph.svg
http://en.wikipedia.org/wiki/File:Septic_graph.svg

Transcendental Function

+ 1flu Function 7'3il2 Algebraic

- Algebraic function @a Function & u156
fienu’ldann Root wavann1s Polynomial

» Transcendental Function liaunsa
Waulugi Solution uav Polynomial
- Exponential Function
- Logarithm
- Trigonometric Functions

* AIELUANAL N1TUAUAY Function
B eEmassiag i an1sdssunaaIunu
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\




Transcendental Examples
fl(x) = X"
f,(x)=c”,c=0,1

f,(x)=x
f,(X)= x1

f-(x)=log.x,c#01
f. (X) =sin x




A15UszuNaLAad Function

. ludgiudlisnag Review 139
- Infinite Series
- Power Series
- Taylor Series
- Maclaurin Series
- Asdssnad1aaled Series
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Series way Infinite Series

+ Series AanasInuaItnanly Sequence Tu
nsgdluag Infinite Series fu wauiazsay
i nfuagLifnduge

- @ lviusazimanlu Sequence (lu a, 6ot
Series Aa a;+a,+as+... LUU

S=Ya,=a+a,+a;+

n=1

A@‘ NOTE: 119a59 Index 2129 Summation a133z3uii 0 A'le




Convergence of Series

- Series Ay Converge fAinatilaNasiuuag
Term gN150U1AN 16

- ARNMAANAIINAAILNANAUAY N 4 Limit

S = Za = lim S, = lim ZN:an
0

N —o0 N —>o0 =

» 61 Series 13 Converge 1uay Diverge




Power Series

- Power Series tilu Infinite Series u
sduav (c = Constant, a, = coefficient,
x \ilu Variable maﬂsam c)

f(x)=a,(x—c)"

- Power Series iddeyéia Taylor Series
+ Tunsain c=0 1n'la

f(x) =Zanxn =a, +a1x+a2x2 +a3x3 NI
n=0
Lfutunsalaad Maclaurin Series
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Taylor Series/Maclaurin Series

- i f(x) 1flu Function N&usam
Derivative ‘laatingludinAnluaig
InalAadnY a 69lY Taylor Series uav
f(x) @a Power Series Tusiduav

f 1

f'(la) (x—a)+

f(a)+ T

@) (x-ay”

(3) o §(n)
2 f !(a)(X—a)s-l-'":Zf (a)(x_a)n

3

- Tunsaiin a = O y19IAILILIEIn Maclaurin
Series

t) =10+ @y, f7O o T70) ST F™) |

1! 2l 3 ~




9.2 Tavlor’'s Theorem

=l
NYENLUN

5 " ar 1 ! " o 3 1 i=l
1 Function f uazf1n + 1 Derivative uinuaasiuiln1maAaiioalur 9909 a uaz x dsiius1v94 Function 9

18 X annsauanaldlas

J"(a) A () 3 f‘"'( )
fx)=fla)+ flla)x—a)+—— y (x—a) +T(3‘i—ﬂ‘) +or——(x—a)" +
Tag R, (Fon Remainder uaz liitlaninhs
Tl - r)
R, =|"——" D (n)dt
I::I I -
$471904 Remainder ﬂ«iﬂm’m:ﬁnnmlwuiugﬂﬁﬁﬂﬂ Derivative Form %38 Lagrange Form A4%
Fo(E nel
=2 Z'(x—aqa
R, =1 ( )

= ==

a’ummwwgmﬂﬂuiuum Tavlor _.eneﬂraﬂ Tavlor's Formula JI:'EI"IINJ’JHR GENARFRIL ’Hﬁ TIfl 'Elﬂ"l‘ﬂ & i

Sy

104 f(X) fitanvazduy Polyunnnalﬂanaﬂﬁwmﬁﬁﬂ f11U94 Function ’h*ﬁmﬂ’umj TRamAMuA aunse

- _
v dszaina lannaunsves Polvnomial
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ﬂ"l'iﬂwl“ﬂ'EIiIR.n DANITINTUNTT i'lwﬁﬂﬂ'ﬂcl“ﬂﬂ'laﬂﬂu']fuﬂﬂﬂ‘i 1I"I'EIJ.1-J‘I-J.E-J Error uﬂﬂ“rTiJ"Iﬁl‘E]Q Truncation Error ‘I"I!.'i"l

3
f'IEI"I:IiHlITI"ﬂ 7 ﬂﬂuuﬂ'la‘ﬁ’lﬁ"l“ﬂﬂﬂ Function B'I.l‘l-.l,EIE.ITIl-f’i'’I'F'I'ENI"I’I‘E Significant Digit !.Lﬂ]li’i'u “HI9T L‘]JHFI’J%].: T"I'ﬁ’i"l-!ﬁ']’lﬁ"l’“lﬂi

137meau Polynomial 113z 928189410 Desree 194 Polynomial 1182 Derivative Y84 Function 1190 a fidaald
a4 @ Tlugaves Function 31 jA1vaeiu uaz Derivative ¥ouiTu uazauyanod x, 51a1150 14 Tayler

~ v ~ -l=i 1 ] = = U L] [ '
Series 13231871994 Function N9A 14 nanfe X, TasfniuavuIaved step 7 = x,., — x, 1ideein9iu v
Zero — Order Approximation: f(x.;) = f(x;)

First — Order Approximation: f(x._)= f(x.)+ f'(x,)h
 Order Approximation - fix ) = : JS'(5) 5
Second — Order Approximation: f(x, )= f(x,)+ f'(x,)h+ . h
waz Taeii Ihsamnsadon

i (%)
n — Order Approximation: f(x.,) = f(x,)+ f'(x)h +%h2 +ot f—f'rf}h"
! 1!

TAgNA1 Remainder aunsauaas laily R, =
(n+1)!

-



Example 1

F(x)=f(a)+ f'(a)(x—a)+ ()(x a) + (3)( THED o P E)

" 3 (4)
170) o, T7(0) 5 T7°(0) (0
. 3! 41
Suppose f (x) =e*, f'(x)=e*,..., TP () =e* = M (0)=1
2 X3 4

X X 2 X
Wehave f(X)=e" =1+ X+ —4+—+—+..= ) —
o 21 3 4 kz(; k!

f(x)=f(0)+ f'(0)x+

Example find f(2) =e?

Second Order Approximat ion :e* ~1+ 2 +g =5

Forth Order Approximat ion :e® ~1+2+— 4 +—= : +E =7
2 6 24
Sixth Order Approximat ion :e* ~1+2 + 4+§ 16 32 EE — 7.356

2 6 24 120 720

4E|ghth Order Approximat ion : e° ~1+2+4+§ 16 32 64 128 20 =7.3873

2 6 24 120 720 5040 40320
Actual Value : e* = 7.389056099

D UnAnA1lsyunauag e2 §9 4 Significant Digit ‘l6w3a‘la
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Example 2:

" (3) (4)
f(0=F(0)+ @yt Dy, Oy, T O e
2! 3! 4!
Suppose f (x) =sinx, f'(x) =cosx, f"(x) =—sinx, f'"(x) =—cosx, f ¥ =sin(x),...
3 5 7 o0 _ n
Wehavef(x)=sinx=O+x+O—X—+O+X—+O—X—+...:Z—( Y x 2+
3l 5| 7! (20 11)!

Example find f (0.5) =sin 0.5radian
Second Order Approximat ion :sin 0.5 =~ 0.5
0.5°

Forth Order Approximat ion :sin 05~ 0.5 - = = 0.47916667
: . 0.5° 0.5
Sixth Order Approximat ion :sin 05~ 0.5 - . + =0.47942708
3 5 7
Eighth Order Approximat ion :sin 05 ~ 0.5 - O'35| + O; E O'5| = 0.479425533

Actual Value : sin 05 =0.479425538

\
% UnAnIA1dszunaaag cos 0.5 §9 8 Significant Digit ‘lewaa‘la




Tay (Maclaur'ln) Series

=Z —1+x S +X +X +00; VX
~ 23 A

log(1—x) = —ZX?; ~1<x<1
n=1

log(1+x) = > (- 2 —1< x <1
— n

nx"; x| <1

1+x:i e MG L IX—3x2+ X -5 xt +-5 X <1
5 (L—2n)(nt)* (4n)

X X
XoMM = x - = —. X
3 5l
2 4
x> X
=1-—+——---; VX




MATLAB Program

- AzR18nA5LaU Function 1aald MATLAB

- fiau Function A5udn Vector x uagz Vectory
return z1 uay z2; x=-3:.1:3; y = -3:.1:3

- @A z1 = 2sin(x"2+y"2)/(x"2+y"2)
- AUIUAT Z2 = XSiNy-yCOoSX
- mesh (x,y,zl1), (x,y,z2), (x,z1), (y.z2) wag (z1,z2)
- Surf function, shading modes
- Contour plot

- @n3annsidau Function Tu MATLAB 1aeg
10 Tutorial 4-5




END OF WEEK 10

- Download HW 7

* Next Week Chapter 9: Zeros of
Functions

A@‘



MATLAB Program

function [z1,z2]=test(x.y)

% function [z1,z2]=test(x,y)
% Test matlab program calculate z1=f(x,y)=sin(x"2+y"2)/(x"2+y”"2)
% and z2=f(x,y)=xsiny-ysinx

n=length(x);
m=length(y):
zl=zeros(n,m);
z2=zeros(n,m);
fori=1:n
for j= 1I:m
t=x(i)"2+y(j)"2;
if (t~=0)
z1(i,j)=sin(1)/t;
else
z1(i,§)=1;
end
22(i,j)=x(i)*sin(y(}))-y(§) *cos(x(i)):
end




MATLAB Program

» function view2(x,y,z,az)

- mesh(x,y,z);

- view(0,a2);

* fori=0:10:360
view(i,az);
pause(0.05);

* end

"\

A@‘




MATLAB Program

- function view3(az)

- view(0,a2);

* fori=0:10:360
view(i,az);
pause(0.05);

* end

"\

A@‘




	CPE 332�Computer Engineering Mathematics II
	Today Topics
	Numerical Methods
	Numerical Methods
	Y=f(x)=2x3-4x2-7x+5
	Slide Number 6
	Quadratic Equation
	Iterative Technique
	Errors
	Errors
	Errors
	Precision, Accuracy,�Significant Digit
	การยิงเป้า
	Significant Digits (Figures)
	Error
	Absolute Error
	Relative Error
	Error Estimation
	Mean Square Error(MSE)
	Functions
	Polynomial Functions
	Slide Number 22
	Transcendental Function
	Transcendental Examples
	การประมาณค่าของ Function
	Series และ Infinite Series
	Convergence of Series
	Power Series
	Taylor Series/Maclaurin Series
	Slide Number 30
	Slide Number 31
	Example 1
	Example 2:
	Taylor (Maclaurin) Series
	MATLAB Program
	END OF WEEK 10
	MATLAB Program
	MATLAB Program
	MATLAB Program

