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5.1C Tnmwi'umﬂuﬁuaﬂ (Straight Line)

4 ad . w -+ [V |

Luauﬁa4n11ﬂizuwm1au1nn1a¢ﬁaqnaqn1wuna1aLnaauuaanQa L1199z
< © . 'S
uﬂw1m1ﬂmu1ﬁ1ﬁunaqn17 fit dun1sidunTy Taave1ddentuian

1u3uﬁtﬁuﬁq§

L{x) = a + bx (a=y-intercept, b=slope) Lo (T

. v < R
AUATANA B WA P (X,,¥,),..-,P (X ,¥ ) 1378890790

| a s T T R 4 @
A084WITINLAAT a WAL b iqnﬂﬁnﬂﬁaéﬂaﬁﬂaQRQWuﬁaﬁaLﬁﬁauuﬂﬂﬁﬂqﬁ

E(L)= X [a +bx_ -yk]2 =[a +bx, —y1}2+...+Ea +bx -ym]2 e (B

k=1

- o | a X 4
'i"lﬂ')ﬁ']liﬁaeﬂﬁ tﬂnﬂmﬁqmzmﬂnuma

9E(L)/3a = O uax aE(L)/ab = O W (9)

4 : , , (o
LRBYIINIT X, ’s war y s L4usieen

= 20a tbx, -y 1" 8la tbx, -y _1/0a
k=1

= 2 £ Ca tbx, -y 1

9E(L)/0a

k=1
R m

= 2[ma +h( ¥ X))« E ¥ vy i10a2
k=1 k=1

3E(L)/3b = £ 2[a thx, -y 1x,

k=1

m m m

= 2[al = x ) +b( = xkz) - 2 Xy ... (10

k=1 =1 k=1

156 OR 205



v 1 e f . Luv,w
W (10a) uay (10 Lnﬂﬂugua A ItaTs LTI L RuautR (2 x 2

AstTsn21 Normal equations

mat ( ¥ x)b =1y, vee(11a)
2
(Exdat (L x b =¢Lxy co (11
b . o fo ¥
VAEY (123 May (11D ?ugﬂauninﬂaqu

1 r

b L Xy, vee (110D

N H
ﬂﬂ?MﬂHaLQRBEUL&H?EHQ?3UUﬁuWR (2 x 2 (1D gﬂ £8 b1’ #um1

n A b

o >
»

... (12
o M ~ v .
13139¢ 1180 2 4ar b 11 least square iiuear parsmeters
- B 4 ‘ "~ - [ |
aatudeniuiani T duats Taatdwnr0itaaTina uaa
F<Y “ A A .
Lix} = a + by e t1d:

OR 205 15

~]



g <d J » A » 4 . 4
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P,(1,5.12), P_¢3,3), P (6,2.48), P (9,2.34), P_(15,2.18)

Solution m = 5

£ x, = 34, Ex, =352 Ly,

k
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aiuiRe (12)
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5,10 FusruluaimdaTuniud miunrmrtaenseun tu funte

ﬁugﬁu LINFIT Aa FORTRAN subroutine Fa3138n slope
{(SLOPEY wv-intercept (YCEPT) H&z square error (SQUERR) 3ad
1past square line £1%U (X(K),Y(K)>, %=1,...,% SLOPE uas

TOERT nadauniieg (12) 889 5.1C  SQUERR gnﬁﬂﬁ?ﬁ?aﬂﬁﬂi
% ®

B(L) - : g ° - [ YCEPT. 5 y,_ + SLOPE. ¥ x.y_ 1 ...(19)
i« & & ’

. .. 4 o w oy
£ Qnﬁﬂu?mﬂu extended precision LWAWANLABNNVIBIAUBR RN

F- .

©

4 A &
suanInTauTu (19) ida E(L) ﬂnmman

40100 SUBRIUYIME LINFITCM, XDAT,Y D AT, SQUERR, YCEPT, SLOPE)

(G200 DIMENSION XDAT(M}, YDAT(M)

00300 DOUBLE PRECISION SIGMAX, SIGMAY, SIGMXY, SIGMX2, SIGMYZ
OO400 © w wwmewwme == mmm = o e m e e e m e e C

011500 C THISSURROUTINE FINDS THE LEASTSQUARE LINF Y =S| OPEwt+YCEPT C
(0600  C FORM DATA PAIRS UXDAT(I},¥DAT(I)) AND SQUERR, THE SQUARE C

(9790  CERRORFOR THISFIT. IT RETURNS SQUERR, YCEPT AND SLOPE. ¢
o800 ¢ ~ =~ = = = R I R N « = VERSION 1: 5/1/8% - - ¢
G900 C FORK THE SUMS NEEDED TO SOLVE THE NORMAL EQUATIONS

g1o00 SIGMAY = 0LbD

0 1%00 SIGMEY = 0,00

01203 51GHXY =0.DO

0'1300 SiGMX2 = 0.00

11400 SIGMYZ=0.00

01530 00 100 K=1,M

{11600 SIGMAX = STOMAXY + DBLE(XDAT(K))

01709 SIGMAT = SIGKAY + DBLFE(YDAT(K))

31800 SIGMXY = SIGMXY + DBLE(XDAT(KY)*EBLE{YDAT(K)}
1900 SIGMX2 = SIGMXZ2+  DBLECXDAT(K))w*x?

52000 SIGMY2 = SIGMY2+  DBLE(YDAT(K})Ax2

02100 100 CONTINUE

gz200 ¢

02300 C SOLVE NORMAL EQUATIONS FOR SLOPE AND YLEFT, AND GET SQUERR
02400 DETER = SHGL(MXSTIGMX2 = SIGMAXA#?2}

02500 YCEPT = SNGL(SIGMK2ASLGMAY ~ SIGMAX#SEGMXY)/DEYER
02600 SLOPE = SNGL{M*SIGMXY - SIGMAX+SIGMAY)/DETER

02100 SQUERR = SNGL(SIGMYZ = YCEPTASIGMAY - SLOPE#SIGMAY)
R0

02900 RETURN

13600 END

, o v a4 W w
1 5.1-3 LINFIT: iuzﬁudwniunwﬁuwTﬁanzxiuntDusﬁum1¢
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. N
.llu ug
g(x) BaNAnwues I
1) Monotone 3aa1ﬂtﬁu strictly increasing wia strictly
decreasing
Z2) Convex ?qa1alﬁu concave up u?a concave down
v
tuaaandae fitting interval [x_ ,x 1 ﬁﬁﬁut11azﬁqwsm11auqs§ﬂga
dld . . 1 PO . . .
MLl turning points sarhil inflection points w29 [x ,x ]
Y] ﬁ R ) <t ar
naga1uzﬂ1u 5.1A (it monotone #AY convex NIULWTIZHRNHMY
tﬁu strictly decreasing uaz concave up 1uf1e {1,151
o
1un14ﬂ5ﬁ§§agaﬁnistﬁu Monotone WAz convex AdUuLT1=tY

PY v ] t H
danfuiandeiaagneatug
g(x) = a exp(px), g(x) = a X, g{X) = o« t (B/X)

3 o o [4 o <
TINWITWLART 2 A2 AR o Uar p

. - { 9 - { .
5.2A Normal Equations dmTudeanfuia1Teinn198taaT 2 89

(Two-Parameter Guess Function)

- { : - ') w &
nmua P (x_,y,0,k=1,...,m wardenfuLa1galunIINIRET 2 #aAR

) <
g(X) LIMAIMNIINRL

b
2

c .k 4 .
minimize E(g) “aEn E(g) = X [gix) - y,) ee (1)

k=1

FeritRinan 11Ul normal equations (FvaetiiiuiBeiiuln o uar o
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BE(g)/9a = O uax BE(g)/98 = O e D)

b

4 ~ H 4
t¥an1 least square parameters a UR: § AW gix) it

< ] . N ' A
Wﬁ11ulﬁﬂvluaﬁu13gﬂl?un11 least square g(x) [ g(x) ]

" . o o f .
A18879 39M1 noramal equations #MTuWentuLaMYY exponeatial

g{xX) = g exp(px? e 83D

. v C Ve w 4 v o4
Solution iTqﬂﬂ@ﬁq1”11Wﬂqaﬂﬁﬁﬂﬁﬂ§ﬂ1ﬁﬂﬂa1ﬁlﬂaﬂuuaﬁnqﬂ

E{g) = ¥ e exp(sxk)—yk]2
k=1

= exp(axl)—yt]2 t...tla exp(axm)-ym)2

iMnaTun®un11 normal equations

0 = 3E{g) /00 = X 2« exp(pxk)—yk]’ 8la exp(px, )-¥ 1/3a
k=1

n
= 2 X la expisx, )-y, 1 exp(px,)

k=1

0 = QE(g)/og = E 2« exp(axk)-yk]’ dla explax )-¥, 1/3p

k=1
n

= 2 a £ [a exp(px )-y IX_ exp(px )

L=13

a[exp(25x1)+exp(23xz)+...+exp(29xm)]

~Ly, exp(px )+y, exp(px J+...+y_exp(px )1 = 0 ...{4a)
alX, exp(2px d+...4x_ exp(2px )]
-0y, explax J+.. .+ X ¥ expipx_ )] =0 ... (4
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Touu (4) TLTweBOL AUty o uar 8 TlUANTMANALAAETAY (4) Ui

nvlaing

o £ { &
1 1% o uds 1951 duaudinant p
wia 2) 16 NRSYS TRsATY
1111138101878 LT18TMIALATLTNAY o« & 4 1/2 uaz g & -1/10_

' . ' v o {, N
IMN1TTII8 exponential g(x) a#1dnEU 4 ud2HAaxu1 LR3I TRIE IR T

ﬁﬂu%ﬂﬁﬂgﬂ?u 5.1 fiuAa

P,(1,5.12), P,(3,3), P (6,2.48), P, (9,2.34), P_(15,2.18)

(5)
least square parametersito 4s) fa & = 4.677 uaz p = -0.07472
ﬁqgu least square exponential ﬁﬁu?uﬁagatnéqﬁuga
g(x) 2 4.677 exp(-0.07472 %)
"
1 E@ = = a-y1°=21.84 .. (8)

k=1

N + & e ~ -~ +
Tusadeinain E(@ TdlRiannia E(D) = 2.54 wniln udavd least
square exponential Wla it ﬁnﬁagaﬁniﬂ least square line
5 ""u’a!l
?qzu 5.1-1 NALBUAINALE
uvau l}‘l - 13 4
Tunizantaudaeininuln au;nan11ugva1nuwntua normal
- 4 ] ‘ .y W
equations 1ulﬁulﬁ¢l§u UATERANL TIEIRTANN good fit futaxa
‘4 L T | d .
ntﬂu monotone #ar convex P (X ,y ) 14887197141 71788017 fit

\duaseiingona @, (r,,Y,) FvastRaturnluliagaioty
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5.28 nvnlfuthiduidiuete (Linearizing) dw¥uianantiiy

Momnotone uazr Comnvex

3ﬂda1uﬁan11unaqiqﬁiutaw 6 Wenie %eawagn?ﬁtaa fit

[ ) 4
nuﬁagantﬁu monotone tar convex

Guess Graph ol g, (x} whena >0

i Function >0 p<0

oy

{ g1(x) = ac?’™

-t

B>
\

o4

2 £2(x) = ax? al
0<p<li
T

ot o
3] g3y =a+Binx Rl

o+ g | /

4 34(‘x)=a+£ 4]
At ———— = — «
%

I
5 gsix) = ﬁf\: %--

g |

6 hU)=ﬁ%%

(B

‘ { - v o
T 5.2-1 guuﬁaqﬂqniutnw 6 Wentu ﬁﬂuiunaganlﬁu Monotone War convex
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#98819 dmiu P,...,P_ 4 (5)

¥ Vo=
L € A1(1,5.12) 54
5 i 5 Ql(}‘S»]z\’
a4 g(x)=a+;,whcrca:aandﬂ=b 44
l Qat$, 2.34) ~
RE 3+ ; 1 LiXy=athy
1 Pal9, 2.34) P15, 218 ‘ Q1(§,3)
) AP Qx(L. 248)
+ P36, 2.48) Qs 218)
b 11+
Xy
S S— = : et i |
Xy X2 X3 X4 X5 X Xs X3 X, Xy \—“;

(n) (b)
o o u o <
11 5.2-2 nr9ufutin dut fuesedmiy P,,...,P_ Ta#n117dn1700anuula g
a4

¥=y, X=1/x%
aﬂnzuuaa¢1ﬁtﬁuiﬂ
1) y-axis {(x=0) L vertical asymptote
21 liney = 2 vty horizontal asymptote

31 il x- wia y-intercepts
4 4 y
awnzﬂ 5.2-1 curve ntﬂu1ﬂawunqau1nnq 3 Aa
=g, 0= at (g/x> (a0, 8>0) .ea(T78)

§atut 1139A 90 71890 T LWL bhyperbolic o + (/%) 3 fit fin

P ,.--,P 108091 a + bx, o exp(sx) wia curve 14 1 1u1ﬂ 5.2-1
vita s funasBuin Turedeianiniaianaien (7a) ugl linear
equation Seth

<
Y=L{X) =2 +bi, Taana=-aUat b=0p, Y=y uar X = i/x
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o U 4
AR TR AR ERER P {x ,¥y) thiluae q (X, ,¥) Tasn
M N k T k? 'k
o
X, = Ux, uss Y =y, fiudauna v
Q,¢1/1,5.12),Q,(1/3,3),q,(1/8,2.48),Q,1i/9,2.34),
q,(1/15,2.18) ... (8)
y 4

uia Q,5-..5%, Qiﬁutﬂuﬁ1qLuawaaaaquuunu-XY fadd 6.2-2¢b)]

-, o 4 + . ¢
WAVIRY () RMAMITINGT Y, & LK ) uda9n

¥ & g % = atp/x, dWT k= 1,...,5
19801918 Natural logarithm HUN9FBBI$PRIENNTS

y = g, = a exp(gX) Uar y = g, (X) = « X

HAETAENITIAN TN NRTIIURT UL ¥ = ¢ (X,..., ¥ = g (0

¥y = g . (x) aﬂﬂgnuﬂaﬁkﬁuzﬂ linear Y = L{(X) = a + bX v (9D

) ﬁv 2 . e
LwaLluRIa819 fiTulay y = g (x) fa

Y oz al(gix) <~--=) By t Xy = & {--=>y = (a/g)-{1/p)Xy

I's EY) ] o4
ﬁwauqanwaag1uzﬂ Y = a+bX iaan a = «/g, b = -1/p, X = Xy, Uaz

Y =y 15 dnnnauas y = g0 e ¥ = LO 19 linearizing

il

il

y g(X?
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4 - v 8
A1914 5.2-1 n1dvidasuuslad (Transformation) ﬁwu1unw1ﬂ1u1ﬁtﬁutﬁua1q

 ERLERE ] Eﬂ ﬂuzﬂ 5.2-1

Linearized Form

Transformation Relations

i y=g(x) Y=L{X)=a+bX X= VY= a= b= a= =
1 p=aebr Iny=Ina+ Bx x Iny Ina B e? b
2 y=axh Iny=Ilnha+B(Inx) Inx Iny lha §B e b
3 ypy=a+filt x p=a+B{nx Inx a B a b
B (1‘
4 = —}—-— = —
y=a ~ y=a+p x) X Y a B a b
a a I 1 —a -1
5 = ___..+_..__ . —_— —
Y 3 x <5t g (x} Xy oY : 52 b b
6 y= ax — _+_ Y .y
B+ x y=a+( B)Ox " Y a - a -b
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- 4 L] ar L] 4
AMATTHTAIMIUNTTARRE L1110 4 T187NANLABIRITHIRALARBNAY
normal equations FvtduszuwtitietdeiFuiaen191¥ Linearization

Algorithm siﬂ‘hh!i

Linearization Algorithm

Purpose: To fit a two-parameter g(x) to the monotone, convex data Py(xs, 1),
, P xm, ym) When g(x) is one of gi{x), . , ge(x) in Table 5.2-t.

GET m, x, y (arrays of xx, y vaues)

|linearize} Form the “linearized points’ Qx(X«. Yi) from the given points P(xs,
y.) asindicated in the “X =" and “ Y =" columns of ‘Table 5.2-.

(get g, 6) Get ¢ and 6 for the least square line £(X) = 4 -+ 6X for the tinearized
points Qw( Xy, Yi) using the formula

[w | sxz —3x, Enl
_ —— (10)
6- - m{E Xk') (X Xk)z —'EXk m ZX,‘)&

[get & B} Get a and B from 4 and b using the last two columns of Table 5.2-I.
OUTPUT (a and B are the desired parameters of g(x).)

(Note: The g(x) obtained by using a and 8 of the get a, 8 step will generally
nor be the least square g(x), that is, g(x) # g(x). However, this g(x) will give
good tit to the given data P, , P, whenever L(X) obtained in the get 4 6
step gives good fit to the linearized data @, . , Qn.

7 5.2-3 sid L andmFuiusaudiuna105uti dul fuass

(Linearizing Algorithm)
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o 4
@13819 91f Linearization Algorithm wa fit
(@) g,(x) = at (B/X)(b) g (X) = & explpx)
fiuaua
1

Pt(1,5.12),Pg(3,3),93(6,2.48),P4(9,2.34),P5(15,2.18)

L. (1)
Soletion
(a) Linearize: #M1y g, (x)0, X, = Ux_ usz Y =y,
ug *‘* } 2
aauu}ﬂngnuﬂaquauﬁa
Q,(1/1,5.12),@,(1/3,3),Q_(1/6,2.48),Q,(1/9,2.34),
Q5(1/15,2.18) LA
A N 4 A A A o
Get 3, b:iwamt L(X) = & + by dwiu q,....q_ 1 (10
A L
a = 3361/8100 -151/80||15.12
b 5(9361/8100)-(151/90) " |-151/80 5 6.9387
= 1.9681
3.1468
woo A .
AUl LX) = 1.968 t 3.147 X
. w { ¥
Get 4, g: dm¥ydenfulatt o = 3 Uate = b
g,(X) £ 1.968 t (3.147/x) e (1)

(b) Linearize: dwWiu g, (x), K, = x uazY = Iny

k k

aquu3an§nuﬂaquavaa
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Q,(1,1.6332),@,(3,1.0986),9,(6,0.90826),@,(9,0.85015),
Q_ (15,0.77832) .. (14)

A A 4 i a £ ‘e\’ s
Get 4, br \UavaINI X, = x, LuR3IngENUseRNGa omlauiuu (16)%u 5.1C
uk LY, E£X Y 1° = C5.2695 29.7201'

t 74
Y

AdUY

= (1/604) 352 -34 5.26951 = 1.3980 ... (15)

o> o>

-34 5(129.720 -0.050601

N
LiX)> = 1.398 = 0.0506 X

Get a, #7 3IMAITING5. 2-1 o = exp(d) * exp(1.398) = 4.047 uas

8= b : -0 0506
ﬁqﬁu g, (x) = 4.047 expt~0.0506 x) B 1)
A1289H1TRLRAT DAY ¢, (x) InatAasiiunas least square

exponential guess function Qi(x) = 4.677 exp(-0.07472 x) T4

1R31NRIBEI4TY 5. 24
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[T FaS L. e » o -~
ﬂwnzu 5.2-4 udalniwuIn g (0 was g o0 fit nuBaNaRwa q

] ' o
URantIne

E(g,)= 1.64 < 2.24 = X [4.047 exp(-0.0506 x_) - y,1° = Elg )

k=1
AM linearized hyperbola g, (x) y (13) A FanAaadil

S
E(g,) = 3 C(1.966 t 3.147/x) - y 1 £ 0.00097
k=1
. ] . dtz ' Fy 1 o Q
Foudaein it andme g, (0 waz g o asremn AIMITeAE

»
Fyoeeer¥g HWIANAANNATRAMYAY 2 + 3/x_ AWM k=1,...,5

2l / Py \\\\‘
S

y=galx)=a+ g (linearized hy perbula) =~ ~a

~

3 6 9 12 15

A
3ﬂ 5.2-4 qUmed g, g, AL g,

YD

. {(18)
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4 v 2 o F ]
5.2C TTUnTHRANNILARTEMTUN 1IN TR Te N i1u1u§auansﬂn

Monot.one U8x Convex

£ o <+ L] . :
RANWILADFRIUNANANI=HTUTHNTHLWE Fit Aun171 dun 19891y

Linearization Algorithm Tun13 fit monotone, convex curves

Ny 6 Tunl 5.2-1

] Ht! w 1 ar [ J
AalUuAaR 18819151 T U TUN THTRANBAULE 9NR 11 Kagaﬁa | S

L] ‘ .I.: » Va9
aﬂngu 5.2-5 TuAR2ANY SQUARE ERROR iuAan11av E(L) [unuﬁastﬂu

E(g )] %«gnﬂﬁtﬁuﬁugiﬂ g,00 i fit fudayadiiasla

RUN CURFIT

INPUT NUMBER OF DATA PAIRS

INPUT X[1)
1, 5.12

. YOI (1=1,N)

CURRENT LISTING OF DATA PAIRS:

1 A1) Y(I]
! 1.0000 5.1200
2 3.0000 3.0000
3 6.4000 2.4800
4 9.0000 2.3400
5 15.000 2.1800
INPUT: 0 IF DATA (K
-K TO REMOVE (X[K]1,YLKD)
K TO REPLACE (X[K1,Y[K])
g
CURVE TYPE SQUARE ERROR A
1. ¥ = A + BkX 2.54009 0.415306+401
2. Y = AHEXP(B*X) 0.16632 0.40471€+01
3. ¥ = Ar(XwB) 0.03069 0.47037E+01
4. Y = A + BxLN(X) 0.68486 0.47119E+01
5. v =A+ B/X 0.011097 0.19681£+01
6. Y= A/B+X) 2.54757 0.52580E+D2
7. ¥ = ARX/(B + X) 0.06007 0.22322E+01

EQUATION #5, Y = A + B/X

8
—0.16603E+00
~0.50603E-01
-0.31713e+00
-0.10826€+01

0.31468E+01
0.11914E+02
=0.57059E+00

HAS THE BEST LINEARIZED FIT

INPUT EQUATION # {1-7) FOR DETAILS OF FIT (TYPE "(Q" FOR NO DETAILS).

5

DETAILS: YCALC IS OBTAINED USING CURVE K5. Y = A + B/X

XDATA
1.0009
3.0000
6.0000
9.0000
15.0000

a

YDATA YCALC

5.1200 5.1149
3.0000 3.0170
2.4800 2.4925
2.3400 2.3177
2.1800 2.1779

91 5.2-5 n197997U5ungu CURFIT

-

I
orr OO0 ow
PO 0O k=
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5.3 nagwrThenisfuset i et fuluwasqiieead n &2 3

Polynomial Fitting

v v dat e o . . a_ . . .
© RImaNanuasuantaEny turning points nia inflection points

» ¢ . a { ' o m Y "«
na1ﬂﬂnﬂulaﬂﬁﬁ WITINLAATHAANDY 2 A 938 it nUﬂagaaﬂwQﬂ

- { y < - '3 - v
LTI TANWNN TR LAIEINWATINLART 0 B3 g OO s
< . R . 4 : L 4
Taan g(x) Lﬁu linear combination naqﬁqniuiq1zg11 n Wentdu ¢, (x)

A |
Uufa

gix) = ¥, ¢ (X + ¥, ¢, 00 +...48 b (x) = T ¥ & (X

4=1

e (D)
4 -] ﬂ ! , - ¢
ﬂ¢niuL911u3ﬂut 1 linear function PavwITINLABI

. ) ﬁ ¥ w
¥,, 8,, ..., §_ U3z normal equations nirituvzuuiBeiduAIn

1? [

v
"r Lo 4
aquu;1wﬁﬁu11nnﬂuaLaaa1ﬁiaaﬁﬁ1uunn 3
- . d L -_ : 3
N1AWL AEN TAMEINA AR a1l ALl = v' T Radntn sy
nansL iy (n-1)st-degree polynomial tuLa3

— 2 n -1 .
g o =¥, U yx i x t...+¥x = X ¥,X e (2D

5.3A Normal Equations gmWiu g0 = £ v, ¢ (O

I=1

: i1u¥u§a§a m 3 3P (X,¥), k=1,...,m
. -« v @ a 4 y
Normal equations ﬂaﬁqut?qLﬂu?aagﬁu2Uxuﬂ1nﬁna1ﬂu

A ¥ = b .- (D)
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% ¢1(xk)¢1(xk) cee O (X 00 (X)) [ Lo, (xy,
£, (x00,(x) ... £ (x )P (X)) ¥ = Lo (x)0y,

£0_(x )0, (X)) ... £0_(x)0 (x)]] v, £6_(x)y,

A ~

~ i, A
Least square parameter vector ¥ = A *b = fy, Ug...ﬁn]’

Hitu 0 = E 4, 6,00 ' ey

ANTANE B 2\
* ]
PAX ¥ ,00 Po(X, ¥, 05 vony PAX ¥ ) Ve (B2
4w VoL v . a { & a
Ba: n NIANMERATIINAMIAY ( n = FITUIUNITIUIAAT UUAS
L ﬁﬂ sy dn)

PP ~ A A
L31R8401 71 least square parameters ¥, ¥_,..., ¥ %9

R

s oV s 4 v 4 2
ﬂqqﬁﬂqﬂ@ﬂﬂQﬂﬂﬁﬁ7ﬁﬂﬁﬂqﬂlﬁaauuaﬂﬂqﬂ E(g) = 22 (g(xk) - yk)

=1

TR w . ;
l1ﬂ1ﬁ%ﬁﬂ11ﬂﬁduﬂagaﬂ HAIWIHALRRATAY normal equations TvUTzRal

898 n #UNT89IAIR (B)

BE(g)/3Y, =0 , i = 1,...,0n T

OR 205 173



b o n—- 2 A1
A g () = B HELX 4 ¥ X ...t ¥ X = Eo
d=1
v N o da "
ka2 normal equations 1u3ﬂtuﬂ1nﬂﬂa A8 ., =Db
I 37 T F T
2 n—-1 N
» £Ix, £Ix, N & v, Ly,
2z a n n
£ X, £ X, L X, ... E X ¥, S
2 = nt1 ” _
ZXk &-xk EXR\.a.EXk 63 “?:Xkyk
n-1 n nti 2n-2 ~ no- o
£ x, £ x I x - L X, ¥ D S
Il J J
AT
A b
nIWaL RaAgad (7); ¥ = A" b
ar . . A A
R18814 91 least square polynomials g (x), §a(x), g,(x)
dmiy P,(1,6),P,(2,1),P_(4,2),P _(5,3),P_(10,4),P_(16,5)
e (B
Solution dmwfu ¢,(x) = ¥ _+ ¥ x (= 2 uasiaga‘lu (8)
v
g (7)1n
Ir
A
] X, ¥, = Ly,
2 A
Lx, IX L Xy,
“ 4
UuAa 1 ’-
"
6 38 ¥ 21
38 402] ¥ 151 D)
o<
OR 205
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A

4 a A v b A A
IHAVRALARATRY (9) AR 6! uar ¥, AUU gz(x) =¥+ i, X

dmiy g, 00 = : %
2,00 =¥ td, x t ¥ X (n=3) uarnanalu (8)

2

8 (718
M
6 38 402 0, 1 21
) A
35 402 5294 ¥, = 151 L 010
Py
402 5294 76434 [ 1797
L - J

4 a A A A
iNARIHRLRABTES (10) #B i, 8, nae ﬁa

A

u:j N A ~
AUk g (x) = ¥+ 8, X tu, X

2

- 2 3 o
dmiu g (0 = W, F ¥, X F B X B, % (no= 4) uasnauaiud)

am (118

r i T [
. 1
6 36 402 5294 v, 21
Al
36 402 5294 76434 i, | = 151
402 5294 76434 1152758 v, 1797
5294 76434 1152756 17797002 v, 24997 c.. (11
I 11 _

~ a3

<4 a A Py
pilanURLAABDaY (11) A8 ¥.. Ua, ¥, ¥,

v oA I A A
aauuL g (x> = ¥+ ¥, X+ §, X + 0, X

OR 205 175
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b 4
wuvdaiaunn S

5.1 Find “a, b and EL) for Lix) = & t bx, the least square

straight line for the data shown in (a) and (b).

(a) X 0 1 2 3
y 3.0 1.2 -0.3 -1.5
() x| 1.0 12 14 16 1.8

y |5 -3 -2 0 3

5.2 Find the normal equations for the following guess

functions. Are they linear7

(@) g0 = a X°
[Note: dxP/dg = xP1n x|

(b) g(x) = ax/(g+x)

(c) g =  ewexp(-x)t pexp(-4x)

A gy = ot 8 sin(sx)

[ Note: The answer is a 3 x 3 systems.1

5.3 (&) Deteraine graphically from Fig ure 5.2-1 which of

g(x) = o exp(px) or h(x) = g x* seews best suited to
fit the following data:
P (1,2.3),P (2,6.1),P_(3,10.7),P,(4,16.0),P_(5,21.9)
P_(8,28.3)

(b)*Use the Linearization Algorithm to fit g(x) and h(x0
to the data, and find E(g) and Ech). Do your results

confirm your answer to part (a)7

r
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Note: E(g) = Elg(x)] = = [g(x )=y 1"

k=1
™

E(h = ECho0l= = Chix)-y 1"
ka1
Ans o g(x) = 1.9942 exp(0.47962 x)
hix) = 2.3032 x'-?°°°
(o> Find E(f,) for the linearized data ri.e., @ (X ,Y 1 for
g(x} and for hix). Do your results confirm your answer to
part (a)7

Note: E(L) = = [a+ b X, -¥,1

k=1

-4

5.4 Do (a)-(c)y of the Exercise 5.3 for g(x) = a/{gtx)},
hix) = o x/(p+x), and P,€0.1,0.04),P,(1,0.51),P_(2,1.2),
P (3,2.2),P_(4,3.8),P_(6,13.2).

Ans. (b) g(x) = -4.5772/(-6.2710+x);
h(x) = -3.1629 x/(-7.4254 t X}

5.5 Do (a)-(¢) of Exercise 5.3 for gi(x) = q+g In X,
h(x) = a+(p/x), andPl(1,0.2),PZ(Z,I.B),PQ(_B‘,Z.B),
P,(5,3.8),P_(7,4.5),P_(10,5.3).

Ans. (b) g(x) : 0.21887 t 2.2075 In X;
h(x) 2 5.0403 - 5.2902 / X
5.6 Do (a)~-(c) of Exercise 5.3 for g(x) = a/(p+x),
h(x) = o« exp(gx), andP,6(1,0.9),P_(2,2.2),P, (3,5.4),
P,(4,13.2),P_(5,32.6),P, (6,77.4).
-17.499/(-6.1252+%X)3
0.36979 exp(0.89295 x)

Ang. (b) gi(x)

1=

hix)
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