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m Definition: nt" degree polynomial
p(x) = anx" + a1 X" 14+ . 4+ ax?+a1x+ ao
m Coefficients of the polynomial
dp,dn—1,-..,4d2,4d1,4d0
m n: degree of the polynomial
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MATLAB toolbox: polyfun
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m polyval: returs the value of the polynomial at a point x.

Input arguments are vector p and vector x
p anaan—la"'aalaao
x is the abscissae, where the polynomials is evaluated.

m y = polyval(p, x)
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EXAMPLE:

m Given: p(x) = x" +3x% -1,
xk =—1+4+k/4 for k=0,...,8

m Find: Plot the given function.
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File Edit Dedug Deskiop Window Help

D% @9 o|&@cf 2| @ curent Directony [home/sept/peskion [+[] @

Karaman

>> help polyval -
POLYVAL Evaluate polynomial.
Y = POLYVAL(P,X) returns the value of a polynomial P evaluated at X. P
is a vector of length N+1 whose elements are the coefficients of the
polynomial in descending powers.

Y = PCLY*XAN + P(2)*XAN-1) + ... + P(N)¥X + P(N+1)

If X is a matrix or vector, the polynemial is evaluated at all
points in X. See POLYVALM for evaluation in a matrix sense.

[Y,DELTA] = POLYVAL(P,X,S) uses the optional output structure S created
by POLYFIT to generate prediction error estimates DELTA. DELTA 1is an

estimate of the standard deviation of the error in predicting a future
observation at X by P(X). =

L If the coefficients in P are least squares estimates computed by
POLYFIT, and the errors in the data input to POLYFIT are <independent,

4 ‘ h, 4 normal, with constant variance, then Y +/- DELTA will contain at Tleast =
4
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4 | reomm i
- If the coefficients in P are least squares estimates computed by H
EEN 2 POLYFIT, and the errors in the data dinput to POLYFIT are [independent,
Eﬂ;m normal, with constant variance, then Y +/- DELTA will contain at Tleast
Hpl 50% of future observations at X.
Hp2
Ha Y = POLYVAL(P,X,[1,MU) or [Y,DELTA] = POLYVAL(P,X,S,MU) uses XHAT =
%r (X-MU(1)) /MU(2) 1in place of X. The centering and scaling parameters MU
EE; are optional output computed by POLYFIT.
Class support for inputs P,X,S,MU:
float: double, single
See also polyfit, polyvalm.
:JE‘I = ‘; Overloaded methods:
e f/polyval
~hi
“he- Reference page in Help browser
ATy dac_noluwal

EE
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Karaman EXAMPLE cont'd.: Karaman C J\DJE LY ‘ZI o & m 2o \(mmmewj @
urent Directory L
=N : >> type ex_08_01.m
All Files £ Type
Mex_08.0L.m  M-file
y - TH % 7654321 0
h T654321 0 Soon vie -meeooso;
—_ — . “ex_08_04m  M-file x=1-
P - [1 O O O O 3 O 1] ’ ®lex_08_05.m  M-file = polyval (p,x);
®lex_08_06.m  M-file ‘| t
X = [ —1 : 0025: 1] 5 ®ex_08_curve... M-file s>n & )
y = polyval(p,x);
plot(x, y)
S ] I}
Command History wax
~cle =

0
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-_Znnmm . (]
: ! ' ; ' ; m roots: provides an approximation of the zeros of a
=l l polynomial.
o |
m Usage: r = roots(p)
15 B
1 | m poly: returns the coefficients of the polynomial, whose
] zeros are given.
o 1 m Usage: p = poly(r)
05 -
! 1 EIIE EIIE —D‘d [I‘Z o I]‘Z Elld EIIE EIIE 1
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EXAMPLE: EXAMPLE cont'd.:

H . — 3 2
m Given: p(x) = x> — 6x°+11x — 6 p = [1 -6 11 -6]; format long;

m Find: Compute the zeros of the polynomial. roots(p)
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Computing, m | Computing, n i«
BIL108E File Edit Debug Deskion Window Help - BIL108E Flle Edi Debug Deskiop Window Help —
Karams DS 4 wE9 o & 2| @ | curent Dirsctong [nome/sepybeskion[+][..] @ Karama D& &« w@9 o|d@ o 2| 0| curent Dirsctong|/media/Transcenassource [+ @
araman — \araman Cuntent Directory 1+ 0 a x WITK mant
>> help roots =] DR - >> type ex_08_02.m
ROOTS Find polynomial roots. Al Files - Tyme
ROOTS(C) computes the roots of the polynomial whose coefficients :LTEKO&OI-W M-file p = [1 -6 11 -61; format long;
are the elements of the vector C. If C has N+1 components, é“—g:—gg'm M‘me roots (p)
= 2 = e ex_LWo_Us.m =rile
the polynomial is C(1)*XAN + ... + C(ND)*X + C(N+1). Eex 08.04m  M-file 5 |
®lex_08_05.m  M-file
Note: Leading zeros in C are discarded first. Then, leading relative ®ex_08_06.m  M-file
zeros are removed as well. That is, if division by the Teading ®lex_08_curve... M-file

coefficient results +in overflow, all coefficients up to the first
coefficient where overflow ocurred are also discarded. This process is
repeated until the leading coefficient is not a relative zero.

Class support for dinput c:
float: double, single

el | I

See also poly, residue, fzero.

~h

| héZ Overloaded methods: [l
4 af /roots [~
,1
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EXAMPLE cont'd.:

Eile  Edit Debug Desktop Window Help
D] & =9 o & ol 2| @ | curen Directory [/media/Transcendysource [+][..] &)
N o

Current Directory = O & X

EIEINIE N

Al Files L [Tvpe
“lex_08.0L.m  M-file @ _ _61: i
Box 08 02.m  Mfils p =[1 -6 11 -6]; format long;
Tlex_08.03.m  M-file roots(p)

©ex_08_04.m  M-file >> ex_08_02

“lex_08.05.m  M-file
©ex_08_06.m  M-file ans =
®lex_08_curve... M-file

>> type ex_08_02.m

3.000000000000002
1.999999999999998
1.000000000000000

>> |

L) e [»

Command Histoery w2 x
~cle =
type ex_08_02.m | |
ex_08_02 =
(] i

Introduction
to Scientific

and EXAMPLE: poly

Engineering

Computing, ‘

BIL108E - Y

File Edit Debug Deskiop Window Help
TETER TG &« m®9 o|d@ o 2| 0| curent Dirsctong[/nome/sepyDesicon |+ @

4 » d
- >> help poly =
Mame - POLY Convert roots to polynomial.
Hans POLY(A), when A is an N by N matrix, is a row vector with
%pl N+1 elements which are the coefficients of the
EEEz characteristic polynomial, DET(lambda*EYE(SIZE(A)) - A) .
Haq
Hr POLY(V), when V is a vector, is a vector whose elements are
i x the coefficients of the polynomial whose roots are the
fHy elements of V . For vectors, ROOTS and POLY are inverse

functions of each other, up to ordering, scaling, and
roundoff error.

ROOTS(POLY(1:20)) generates Wilkinson's famous example.

CF7 T Class support for dinputs A,V: L
ATt float: double, single

~h

L heZ See also roots, conv, residue, polyval.
‘< » Re
[asun (0
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EXAMPLE cont'd.:

.
File Edit Dedug Deskiop Window Help

DS 4 wE9 o & 2| @ | curent Dirsctong [nome/sepybeskion[+][..] @

>> poly(1:20)

ans =
Columns 1 through 6
1.0000e+00 -2.1000e+02 2.0615e+04 -1.2568e+06
Columns 7 through 12
4.0172e+10 -7.5611e+1l1 1.1310e+13 -1.3559e+14
Columns 13 through 18
6.3031e+16 -3.1133e+17 1.2066e+18 -3.6000e+18

Columns 19 through 21

1.3804e+19 -8.7529e+18  2.4329¢+18

5.3328e+07

1.3075e+15

8.0378e+18

-1.6723e+09

-1.0142e+16

-1.2871e+19

Ed
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4 |l o fid
: >> roots(poly(1:20)) =]
Mame £
HH ans -
Ho ans
Hpl
tHp2 .0000e-+01
Ha .8998e+01
i .8006e+01
i .6989¢+01
Hy L

.6011e+01
.4996e+01
.3996e+01
.3008e+01
.1994e+01
.1002e+01
.9998e+00
.9998e+00
.0001e+00
.0000e+00
.0000e+00

OV ~1 00 00 W I R R e N

[~
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EXAMPLE:

The result is not always accurate.

Given: p(x) = (x + 1)’

Find: Compute the zeros of the polynomial.
Answer: o = —1

In fact, numerical methods for the computation of the
polynomial roots with multiplicity larger than one are
particularly subject to roundoff errors.
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EXAMPLE cont'd.:

p=1[172135352171];
roots(p)
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EXAMPLE cont'd.:

File Edit Debug Deskiop Window Help
DS 4 wE 9 o & 2| @ | curent Dirsctony [/media/Transcend/source [+][.] @

Current Directory - 00 2 X

EEEIER >> type ex_08_03.m
Al Files & [Tyme

Flex_08_.0l.m  M-file - .
lex_08_02.m  M-file p=1[172135352171];

Tlex_08.03.m  M-file roots(p)
©ex_08.04m  M-file >>

Flex_08_05.m  M-file
“ex_08.06.m  M-file
“lex_08_curve... M-file

A I >

Command History wnoax
—ex_08_02 <
"'C1C
~type ex_08_03.m
[@sun] i
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DE| @9 o| @B | @ | curent Directory [/media/Transcendssaurce [+ | &

Current Directory - O @ X » n

CE=IT T >> type ex_08_03.m

All Files £ Tyne

®ex_08_0l.m  M-file & 5
Flex_ 0802 M-file P —t[1 721353521711
Slex 08.03.m  Mfile ||Toots(p)

“lex_08_04m  M-file >> ex_08_03

®lex_08_05.m  M-file

©ex_08_06.m  M-file ans =

®lex_08_curve... M-file

-1.008976439902066

-1.005627465048996 + 0.0070122247744211
-1.005627465048996 - 0.0070122247744211
-0.998023795747401 + 0.0088012382851981
-0.998023795747401 - 0.0088012382851981
-0.991860519252570 + 0.0039344679437211

el | I

-0.991860519252570 - 0.0039344679437211

Command History wOoax
-cle =
>>
~type ex_08_03.m
- ex_08_03 E
4 st 1




POLYNOMIALS i1 POLYNOMIALS

Introduction
to Scientific
and

Introduction
to Scientific

Enginee_ring E"gia"r:il_’i"g
ompuing BIL106E
araman ADDITION AND SUBTRUCTION OF POLYNOMIALS faraman EXAMPLE:
m Polynomial addition and subtraction is the same as vector m Given: pi(x) = x* — 1,
addition /subtraction operators. po(x) =x3 -1
m If the order of two polynomials (size of two vectors) does m Find: Compute the sum of two polynomials.
not match, zero should be added in order to match size of 4 3
vectors. m Answer: p = x" + x> —2
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BIL108E BIL108E Bl gan Debug Deskon Windon Fep ) B =
Karama EXAM PLE Cont'd . Karama T & W@ 9 o @ 2| @ curent Directong[/media/Transcend/source [+][] @
iraman . \araman Curent Directory * [0 2 X » mant
@em| - >> type ex_08_06.m
Al Files - Tyme
®lex_08_0l.m  M-file 1=[1000 -1];
= - . ©ex_08_02.m  M-file P E
pl [1 000 -1]; Flex_08.03.m  M-file 22 =([i)° 0 -1];
— . ®ex_08_04.m  M-file Tsp pl);
p2 = [1 00 _1] 5 #ex_08.05.m  M-file disp(p2);
. ©ex_08_06.m  M-file = pl 0 p2
dlsp (pl) 5 ®lex_08_curve... M-file g> | pit & o oz
disp(p2);
p = pl + [0 p2]
(] | I
Command History wOoa x
- conv(p2,q)+r =
~cle
“type ex_08_06.m E

4 star 1
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Computing, / 5 = (| Computing,
BIL108E Fle Edit Depug Desktop Window Help ) ] - BIL108E
P T | 4 W9 ¢ @ o0 # | @ | Crmen biredony [ mesta Transcengjsource [<]L (£ e .. . .
Karaman e e pE T e Karaman m conv: returns the coefficients of the polynomial given by
EL=IC YR t _08_06. i
e | [ . the product of two polynomials.
Secosozm e ||PL=[LO0O ;
ex .m —file
B 66 E p2=[100 -11; :
Sl b e = Usage: conv(pt, p2)
#lex_08_05. i 3 2); . .. .
e oo om Mol e o g2] m deconv: provides the coefficients of the polynomials
®1ex_08_curve... M-file _08_06 . T
T 0 04 obtained on dividing pl by p2.
t 0 0 4 m Usage: [q, r]l=deconv(pl, p2)
- g: quotient of the division,
e . 2 r: remainder of the division
~cle =
type ex_08_06.m | | pl(X) = q(X) p2(X) + r(X)
>> |
ex_08_06 =
(] i
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B|L108E BlLlOSE File Edit View GCraphics Debug Deskiop Window Help -
Karama Karama D& @9 o| @B | @ | curent Dirsctory [/home/sept/peskion [+ ] &
raraman EXAMPLE: raraman < [Wort Command Window w0 x
EEELT B ”|[s> help conv &
%‘SEO—OH CONV Convolution and polynomial multiplication.
. . A AR 1t C = CONV(A, B) convolves vectors A and B. The resulting
m Given: pi(x) = x* -1, N oo™l vector is Tength LENGTH(A)+LENGTH(B)-1.
.3 1 Hp2 [1:0:01,'1] If A and B are vectors of polynomial coefficients, convolving
P2(X) =X — HHa [1,0] then is equivalent to multiplying the two polynomials.
Hr 10,6,0,1,-1]
H . H H -1,-0.7500| = =
m Find: Compute the product of two polynomials. o FuoaX|l  Class support for inputs A,B:
’ ’ float: double, single
: 7_ A ; ; i
™ AnSWer. p = x/ — x% — X3 + 1 lS’ee a'lst.x deconv, conv2, convn, filter and, in the signal
rocessing Toolbox, xcorr, convmtx.
Overloaded methods:
Ol = ‘ x gf /conv
Command History wOax
: h_llﬂp cony = Reference page in Help browser
rele doc conv Il
~help conv E =
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EXAMPLE cont'd.:

pl = [1000 -1];
p2 = [1 00 -1];
p=conv(pl ,p2)
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EXAMPLE cont'd.:

Fle Edi Debug Desktop Mindow Help
D e £ @9 o | @7 B | @ | curen Directory [/media/Transcendssource [+][..| &
» int

Current Directory * 0 # X

=N >> type ex_08_04.m
Al Files £ [Type

“ex_ 08 .0Lm  M-file - 11:
Sex 0s0zm Mfle |[PL=[t000 1L
Flex_08_03.m  M-file p2 = [1 00 -1;
“lex 08_04.m  M-file p=conv(pl ,p2)
®lex_08_05.m  M-file

®ex_08_06.m  M-file 5 |

“lex_08_curve.. M-file

Pl | I}

Command History .0 r X
~ex_08_03 1=
~cle L]
~type ex_08_04.m [+
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File Edit Dedug Deskiop Window Help

DS 4 wE 9 o & 2| @ | curent Dirsctony [/media/Transcend/source [+][.] @
Current Directory # 0 2 x| | it \

CEE R >> type ex_08_04.m

Al Files [Tye
Flex_08_.0l.m  M-file & _11-
©lex_08.02.m  M-file p; _ [i g g 01 :_l]’
©lex D8 03.m  M-file p2 = [ -5
©lex_08_04.m  M-file p=conv(pl ,p2)
Flex_08_05.m  M-file
®ex_08_06.m  M-file >> ex_08_04
®lex_08_curve... M-file

p=

1 0 0 -1 -1

>>

A I >

Command History wnoax
~clc =
~type ex_08_04.m
-ex_08_04
[ 5tan] i
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EXAMPLE:

m Given: py(x) = x* — 1,
pa(x) = x° — 1
m Find: Compute the division of two polynomials.

m Answer: g(x) =x, r(x) =x—1
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Karaman e 4 BE 9 | &l 2| @ | curen Directory [nome/sepyDeskion[+[..] & Sraman
{arama aman
4 Workspace 1 0 @ X T ,
W él.> heTp daconv = EXAMPLE cont'd.:
Ll [vatie DECONV Deconvolution and polynomial division.
%;”S H’?’g’g’:g [Q,R] = DECONV(B,A) deconvolves vector A out of vector B. The re
Hp1 [1,0.0,0,-1] is returned in vector Q and the remainder in vector R such that
Hip2 (1,0,0,-11 B = conv(A,Q) + R. 1=[01000 -1];
Hq [1,0] p [ 15
Hr [0,0,0,1,-1] If A and B are vectors of polynomial coefficients, deconvolution p2 = [1 00 —1] .
%: Elo”soszzofj is equivalent to polynomial division. The result of dividing B b ’
o ’ A is quotient Q and remainder R. M [q,r] = deconv(pl ’p2)
Class support for -dinputs B,A:
float: double, single
i _ : N See also conv, residue.
Command History woax OveiToadsd fisthodss
~cle = d N
* el v [] af/deconv |
help deconv =il 7 \»I:
4 Start| ,ul
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Computing, m i Computing, n ‘
BIL108E Fll Ecit Depug Deskion Window Help ) - BIL108E File Edi Depug Deskiop Window Help -

Karamar D% @9 o|&@cf 2| @ curent Directony | /media/Transcend/source [+ ] & Karamar G % e @9 o | @ 2 | @ current Directong|/media/Transcend/saurce [+][ | @&
Aaraman Aaraman

Current Directory ¥ 0 2 X 1L Directory # O 2 X » f
CEE R >> type ex_08_05.m EEINIEN >> type ex_08_05.m
Al Files Tvme Al Files Tyme
®lex_08_.0l.m  M-file & _11- ®ex_08_0l.m  M-file w _11-
“lex_08.02.m  M-file pL = [1000 -1]; ©ex_08_02.m  M-file pL=[1000 -1];
@ex 08 03.m Mfile ||P2 = [100-1]; Bex 08.03.m M-fle ||PZ=[100-1];
©lex_08.04m  M-file [q,r]= deconv(pl ,p2) “lex_08_04m  M-flle [q,r]= deconv(pl ,p2)
Flex_08_05.m  M-file >> ‘ ®lex_08_05.m  M-file >> ax_08_05
©lex_08_06.m  M-file ®lex_08_06.m  M-file
#lex_08_curve... M-file ®lex_08_curve... M-file q=
1 1]
r=
77 D ~ 0 0 ] 1 4
Command History wOoax WO x
ex_08_04 = ~cle -
>>
~cle ~type ex_08_05.m
~type ex_08_05.m -ex_08_05 E

4 start 1] 4 start 1
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EXAMPLE cont'd.:

File Ecit Depug Desktop Window Help

| 4 @9 o &l 2| @ | curem Directony [/madia/Transcend/source [+][..] &
Current Directory 0 @ x b i

EL=IC YR pl=[1000 -1]; (=
Al Files L [Tvpe p2 =[100 -1];
“ex_08_0Lm  M-file [q,r]= deconv(pl ,p2) =
Flex 08.02.m  M-file >> ex_08_05
Flex_08_.03.m  M-file -
“lex_08.04.m  M-file
#ex_08_05.m  M-file q-=
®lex_08_06.m  M-file
®lex_08_curve... M-file 1 0
r=
0 0 0 1 1

C Dl >> conv(p2, +r
Command Histoery w2 x

~type ex_08_05.m % |aps = L

-ex_08_05 L

conv (p2, q)+r = 1 0 0 0 -1 =
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m polyint returns the coefficients of the primitive of the
polynomial.
Usage: y = polyint(p),
y: coefficients of [ p(t) dt
m polyder: returns the derivative of the polynomial, whose
coefficients are given by the components of the vector p.
Usage: y = polyder(p),
y: coefficients of p/(x)
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CURVE FITTING

CURVE FITTING

m Approximating a function f consists of replacing it by
another function f.

m A function f can be replaced in a given interval by its
Taylor polynomial.

m It requires the knowledge of f and its derivatives up to the
order n at a given point xp.

CURVE FITTING
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m Taylor polynomial may fail to accurately represent f far
enough from the point xg.

m Use taylortool for the computation of Taylor's
polynomial of arbitrary degree for any given function f.

m The agreement between the function and its Taylor
polynomial is very good in a small neighborhood of xp.
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taylortool

) ==
Fle Edt Debug Deskiop Window Help
| % W ® 9 o @ o 2| @ curen Direcory|/media/Transcend/source [ +][..| &
Current Directory w0 2 X
RN >> taylortool
A Fles - [rvee %
®lex_08.0L.m  M-file
“lex_08.02.m  M-file
®lex_08_03.m  M-file
“lex_08_04.m  M-file
®lex_08.05.m  M-file
“lex_08_06.m  M-file
[®ex_08_curve... M-file
N | I
Command History N ¢

~help ginput =

~clc

taylortool
<sun L

Comparison between the function f(x) = 1/x and its Taylor
polynomial of degree 10 for the point xp = 1.
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EXAMPLE cont'd.:

File Edit View Jnsert ZTools Desktop Window Help B

Taylor Series &pproximation
T T

00 = hecosen
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EXAMPLE cont'd.:

Fila Edit View Inserl Tools Debug Deskiop Window Help

nd|= RnE=RE ]
Taglor Series Appraximation
2 T T T 7 T =}
y
g
I
15 Vi B
/
¥
1 s —
-
05| = B
i I I 1 I I I 1 I I
1 Tz 14 15 18 2 22 24 26 28 3
Ty B e | R S N L ot L
0 =[x
a= ‘1 1 <x < 3
N= [0 el
= Help Rest | Close |
. .

.
* Figure 1 [ Tavlor Tool =
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CURVE FITTING

m A function is known only through its values at some given
points.

m n+ 1 couples (x;,y;) are given, i =0, 1,2,..., n+ 1.
m Approximate function fi
f(xi) =y, where i=0,1,2..., n
m fis called interpolant of the set of data
m There exist different types of interpolant:

m Polynomial interpolant
m Trigonometric interpolant
m Rational interpolant
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BASIC FITTING:

] Figures - Figure 1
File Ecit View lnsert ZTools Depug Deskiop Window Help

Ngde |l 09e4- a|0H =D

LI Center and scale x data

Plot fits

Check 1o display fits on figure

o=l

alax

ERuR=R= ]|

[ spiine interpolant =]
[C] shape-preserving interp.
[ linear

= ] quadratic 7
[ cubic

| —T]

2 [7J 4th degree polynomial
(] Sth degree polnomial
[C] 6th degree pohynamial
151 [Z] 7th degree polynomial
(] 8th cegree pohmnomial
(] oth degree polynomial (o

[ show equations

Significant digits

[ Fiot residuals b

Bar plot ~|
subplot - q
[] Show narm of residuals

=3
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CURVE FITTING

m The most common method of finding the best fit to data
point is the least squares method.

m polyfit function uses least squares method.

m polyfit function returns the coefficients of a polynomial
for a given data set (xj, ;).

m Usage: p = polyfit(x, y, n)
n: degree of the polynomial.
x and y: data set (x;, yi).

Introduction
to Scientific
and
Engineering
Computing,
BIL108E

Karaman

CURVE FITTING

EXAMPLE

In the table below we report the values of the sea water density
p(in kg/m?®) corresponding to different values of the
temperature T (in degrees Celsius):

T 4° 8° 12° 16° 20°

p 1000.7794 1000.6427 1000.2805 999.7165 998.9700
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CURVE FITTING

EXAMPLE cont'd.:

T=1[4 8 12 16 20];

rho = [1000.7794 1000.6427 1000.2805 999.7165 998.9700] ;
px = polyfit(T, rho, 3)

Tx =linspace(4,20,100);
rhox=polyval (px, Tx)
plot(T, rho, ’0’)
hold(’on’)

plot(Tx, rhox, ’-7)
grid(’on’)

xlabel(°T?)

ylabel (’rho’)
legend(’data’, ’curve fit’)
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EXAMPLE cont'd.:

File Ecit Depug Desktop Window Help

| 4 @9 o & of 2| @ | curem Directony [/media/Transcend/source [+][..] &

4 Workspace 1= 0 # P d
) o & - ”/|>> type ex_08_36.m
Name £ [value
HT [4,8,12,1 = 5
H ans [1.3967, Ti= [4:8 12 1% 20]; B
Hp [1,1,0,0.1 rho = [100(_).7794 1000.6427 1000.2805 999.7165 998.9700];
FHpl [1,0,0,0,1 |px = polyfit(T, rho, 3)
Hp2 [1,0,0,-1]|Tx =linspace(4,20,100);
Ha [1,0] rhox=polyval (px, Tx)
Hr [0,0,0,1, T
Hrho [L.0008e E.I.'I’;(T’ rho, 'o")
% (-1,-0.75 |heldCon') L
Hy [1,0.554¢ |p1ot(Tx, rhox, "-")
grid('on')
x1abel ('T')
ylabel('rho')
Tegend('data’, 'curve fit')
7 I—
L 2 >>
Command Histery w0 2 x|
~cle 5
type ex_08_36 -
] Z |
4 Start| ,ul

CURVE FITTING

Introduction

to Scientific
and y
Engineering EXAMPLE cont'd.:
Computing, o = Sl
BIL108E File Edit View |nsert Tools Depug Desktop Window Help 3 ‘ » ;
Karaman _‘nuae\@\ i 7‘W®Q%"E‘D‘@‘D@ EHIIIEIS'@

1000 :

! o data

S de- curve fit

10004
100021
1000

£ =395
9986
9934

3932 -

933

9388 L i L i i i i
4
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CURVE FITTING

LEAST SQUARES METHOD

m If the degree of the polynomial increases, interpolation
does not guarantee a better approximation of a given
function.

m In least — squares approximation we look for an
approximant f which is a polynomial of degree m
(typically, m << n) that minimizes the mean-square error
151 olvi — f(xi)]%. The same minimization criterion can
be applied for a class of functions that are not polynomials.

CURVE FITTING

Introduction

to Scientific

and CURVE FITTING WITH FUNCTIONS OTHER THAN

Engineering

Computing, POLYNOM'ALS

BIL108E

G Rewrite the function in a first degree polynomial form.

m Power function:
y=bx" — Iny=minx+1Inb
m Exponential function:
y=be™ — Iny=mx+1Inb
m Logarithmic function:
y=minx+b— y=mlnx+b
m Reciprocal function:
y=1/(mx+b) — 1/y=mx+b
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to Scientific

to Scientific
28  FUNCTION SELECTION Eneverng
BiLi08E it  FUNCTION SELECTION
Karaman m For a given data it is possible to foresee which of the Karaman
functions have the potential for providing a good fit. m Exponential functions can not pass through the origin.
m This is done by plotting the data using different m Exponential functions can only fit data with all positive
combinations of linear and logarithmic axes. y's or all negative y's.
x—axis y—axis function m Logarithmic functions cannot model x = 0, or negative
linear linear y=mx+b values of x.
logarithmic | logarithmic | y = bx™ m For the power function y = 0 when x = 0.
linear logarithmic | y = be™ m The reciprocal equation cannot model y = 0.
logarithmic | linear y=minx+b
linear linear y =1/(mx+ b)

CURVE FITTING | CURVE FITTING

Introduction

Introduction
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to Scientific
and and '
Engineering Engineering EXAM P I— E cont d i
Computing, Computing, n = s =i
BlLlOSE B“‘lOSE File Edit Debug Deskiop Window Help n - -
Karamar Karaman D&« ™@9 o & 2| 0| curent Doy [/medasranscend/source [+][.] &
| an Aarama
e Current Directory 0 2 x'p n
DeiE| - >> type ex_08_funcsell.m
EXAMPLE_ gF\IESL Type
. ex_08_0l.m  M-file —0- e
ex_08_02.m  M-file =0:0.5:5;
Fox 08 05 Mofile ||w=[6 4.83 3.7 3.15 2,41 1.83 1.49 1.21 0.96 0.73 0.64];
w 0.64 0.73 0.96 1.21 1.49 1.83 2.41 3.15 3.70 4.83 6.00 Fex 08.04m  M-file ||[plot(t, w, 'e")
t 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 #ex_08_05.m M-file ||x1abel('1inear t')

- - “lex 08.06.m  M-file ||y]abel('Tinear w')
m Choose the function for the given data. & o Drmee- M-l

®ex_08_funcs... M-file
) ex_08_funcs... M-file ||>> |
©lex_08_funcs... M-file
®ex_08_funcs... M-file
Bex 08.36.m  M-file
lex_08_36.m~ Editor A
®ex_08_polyfi... M-file

KT E—

Command History = [ a x

~cle c
~type ex_08_furs
; >

|

dsun 1
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EXAMPLE cont'd.:

Edit View Insert Tools Depug Deskiop

Window  Help

Ngde |l 09E4- a|0H|nD

linear w
T

25
lingar t

N
«a% CURVE FITTING

s

Introduction

to Scientific
and '
Engineering EXAMPLE cont'd.:
Computing, = [
BIL108E Fle Edit Depug Desktop Window Help -
Ve 4 39 o | @ 2| @ | curem Directong[/media/Transcend/source [~][..] (&1
aman Current Directory ' 0 & x |p n
=N >> type ex_08_funcsel2.m
All Files - [Type
Mex_08.0Lm  M-file 0:0.5:5:
Rex0e. 02m  Mflle t—oéoiség'a 7 3.15 2.41 1.83 1.49 1.21 0.96 0.73 0.64];
Slex 08.03.m  Morile | |W=[6 4. S003.1 e : : . i . -641;
“lex_08_04m  Mfile |[semilogy(w, t, 'o')
Flex_08_.05.m M-file ||ylabel('log w')
“lex_08_06.m  M-file ||x]abel('1inear t')
Flex_08_curve... M-file
©ex_08_funcs... M-file
{8 ex_08_funcs... M-file |[>>
®ex_08_funcs... M-file
Flex_08_funcs... M-file
®ex_08_36.m  M-file
lex_08_36.m~ Editor A
©ex_08_polyfl... M-file
77—
Command History w0 a x
~cle ;E
~type ex_08_fury

Kl : di

4 stan

[

7
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EXAMPLE cont'd.:

File Edit View Insert Tools Debug Deskiop

Bme &0

Window  Help

Nede | [faseded-|a0a|eo
. T T T

o
B
a
a
a
2
muf
L 1 1 1
0.5 1 15 2

linear t

45
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EXAMPLE cont'd.:

1

File  Edit  Debug

Deskiop  Window  Help

D @9 o| @B | @ | curent Directory [/media/Transcendssaurce [+ | &

Current Directory 0 2 x{W
DR -
Al Files © Tyne
®lex_08_0l.m  M-file
®ex_08_02.m  M-file
®lex_08_03.m  M-file
®ex_08_04.m  M-file
®lex_08_05.m  M-file
lex_08_06.m  M-file
“lex_08_curve... M-file
®ex_08_funcs... M-file
®ex_08_funcs... M-file
lex_08_funcs... M-file
#ex_08_funcs... M-file
“lex_08_36.m  M-file
lex_08_36.m~ Editor A
®ex_08_polyfi... M-file
7 |
Command History 0 a x
~cle JE
~type ex_08_furs
|

>> type ex_08_funcsel3.m

t=0:0.5:5;

w=[6 4.83 3.7 3.15 2.41 1.83 1.49 1.21 0.96 0.73 0.64];
plot(t, 1./w, 'o")

xTabel('1inear t')

ylabel('Tinear w')

> |

4 Start|

4]
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EXAMPLE cont'd.:

File Ecit View lnsert ZTools Debug Deskiop Window Help

Ngde |l 09E4- a|0H|nD

16 T T T T T

lingar w
T
©
I

0 | | I I I I | | |

25
lingar t

f“
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EXAMPLE cont'd.:

File Edit Text Go Cell Tools Debug Desktop Window Help a2 x
DEW|[$ BB e[S - Aenn|b -ARBDE BB s BEmEs0
BB -[o |+ +[11 ]x[a#[0
1-  t=0:0.5:5; -
2= w=[6.00 4.83 3.70 3.15 2.41 1.83 1.49 1.21 0.96 0.73 0.64];
3-  p = polyfit(t,Tog(w),1);
4- m=pQ)
5= b = exp(p(2)) %determine the coefficient b
6 — ti = 0:0.1:5;
7= wi =b * exp(m * ti); %calculate the fnc. value at each element of tm
8- plot(t,w,'o", ti, wi) %plot the daya points and the function
9- grid
10 - xlabel ('t, ti')
1= ylabel('w, wi')
12 — legend('data’, 'polyfit')
script Ln 8 cCol 21 U
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EXAMPLE cont'd.:

Fll Ecit Depug Deskion Window Help
D& @9 | &@od 2| @ | curent Directory[/media/Transcend/source [+][] @

Current Directory » 0 8 x| nd

EEIIEN s> clf
Al Files £ Tye >> ex_08_funcsel4d

Flex_08_.01l.m  M-filg/~
®ex_08_02.m  M-file _
©lex_08.03.m  M-filg | [™ =
®lex_08_.04.m  M-file|

®lex_08_05.m  M-filgl -4.5801e-01
“lex_08.06.m  M-file

“lex_08_curve... M-filg

®ex_08_funcs... M-filel b=
“lex_08_funcs... M-filg =
“lex_08_funcs... M-filg

[Bex_08_funcs... M—filg 5.9889%e+00
Bex 08.36.m  M-filg

[ex_08.36.m~ Editorig|,

<

Command History 10 7 X

~clf E
-ex_08_funcsel

e

4 Start

[ (e Jo - Je e JeuTe . J=ble . J=0]

=10}
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EXAMPLE cont'd.:

=

Dads

File Edi View Inserl Tools Depug Deskiop Window Help

AR UDRL-a|0E D

NEEs

Boaad

w, wi

o data
palyfit
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EXAMPLE:
[
Latitude K =00r K=15% K=20 K=230

i -3.1 352 .05 0.3
55 -3.22 362 602 4.3
15 -3 365 502 Q17
35 -3.32 352 T .82
25 =37 347 53 &1
15 -3.07 325 502 T.52
5 -3.02 315 495 T3
-5 -1.02 315 497 T35
-15% -312 3.2 507 TAG2
-4 -32 3ar 5.35 222
-k -1.35 3.52 562 BEE
44 -3.37 3T 505 925
-85 -3.25 3T 6.l o5

Variation of the average yearly temperature on the Earth for
four different values of the concentration K of carbon acid at
different latitudes.

m Compute the least-squares polynomial of degree 4 that
approximates the values of K reported in the Table given
above.

CURVE FITTING
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m The price (in euros) of a magazine has changed as follows:

Nov 87 Dec 88 Nov 3D Jan 93 Jon 95 Jon. 96 Nop 56 Noo. 00
45 50 6.0 [ 70 7.5 80 a0

Estimate the price in November 2002 by extrapolating
these data.
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