, N~
5.1 Find ﬁ, b and ED for /I\,(x) = at Sx, the least square

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

(a) X ] 1 2 3

y | 3.0 1.2 -0.3

(b X

KOy WY (1), 150 g uu N

o TR [25
.ol At LT '1um

UNIT 57 CON

P RTRINIRIN;

1w S0000

Yoo
SLOFE iz
FREDICTION EQUATIOM:

INTERCERT =
— P EROOOE4O L
Nt DLRBEOOO

=
»
-
11

2.85 - 1.5x

[£a]
—
~
—
H

0.09

v [YEEE 74 l!vg
awnn11ﬁﬁiugﬁu LINFIT Tuwana 5.1D ‘lauasgu

ENTER N X(I) ¥Y{L) 2 I=0, ... 0
S 1 =8 1.2 -3 1.4 -2 1.6 O

UNIT 37
1.8 =

CON

X 100000

1. &HOO00
W 1100

= 1A4T70O0E+(G2

P FPEROOOE+OL
-1 FOO00 +

1. 20000
Y - 5, 00000 =3, 00000
ERFOR SUM OF SOUARE =
Y - INTERCEFT -
SLOFE =

FREDICTION EBUATIOM: Y7=

e DO

=1 E0000 %X

1 80000

R0 0

EAPRGIIRI TR & 4

OR 205 (H)



A
L(x) -14.7 t 9.5x

11

)
E(L)

5.2 Find the normal equations for the following guess
functions. Are they linear?
(a) g(x) = &« X
[Note: dx /dsg = X'In xlI
(b g(x) = ox/(p+x)
(¢) g(x) o - «exp(-x) U g exp(-4x)
(d) gx) = « t g sin(ax)

[ Note: The answer is a 3 x 3 systems.1
(a) g(xX) = ¢ xB

E(g) = Elgx) -y 1

k=1

= Xla xk’s-y 1%

'3
9E(g) /3a = m(I:kaP) - I:ykxkp =0
3E(g)/8p = a(x=x, P 1n x) - =y x® Inx =0
RO TS

(b) g(xX) = oax/{(g+x)

E(g) = xlg(x ) = yklz
k=1

= =lax, /(p t x) = y,1°

OR 205 (H) 59



E(g) /B

2 Elax /(pt x )=y Ix /épt x21=0

3E(g)/ap 2 xlex /(ptx -~y 1 0lax, /{ptx )~y 1/38

1

2 E[axk/(ﬂ t x)-ylex, Intpt x)=0
Fotal i Hui e du

(¢} g(x) = g expl{-x) t 8 exXp(-4x)
E(g) = =lgix,) =y, 1

= Eloexpl-xpt pexpi-4x) - yka

8E(g) /30 = al(Xexp(2x ) t p Zexp(-5x ) ~ Xy exp(-x,) 0

3E(g)/8p = o(Zexp(-5x_) t p Eexp(-8x ) - Ey expl(-4x ) = 0

FarTue e

(d) g(x0 o t g sin{yx)

m

E(g) = =lgix,) ~ y,1°

k=1

= Xi{laet ¢ sin{ix )1 - ,\;k}2
3E(g)/3a = 2 xl[a t #sin(yx) - y]

2ma t 2p Esin¥x ) -2 xy =0

60 OR 205 (M)



9E(g)/ag = 2 lat p sintsx,) ~ y, 1sinax)

= 23« Sin(ﬁxkHZB}:sina(ka)—ZEyk sin(uxk) =0
3E(g) /3y = 2 slet p sin(uyx ) - ¥, 18 cos{¥x, )X,
¥ - w 3 2 - 3 N
—Zﬁazxkcosti}kaZa zxksm(uxk»cos(uxkJ-ZBExkykcos(ﬁxk) -0

Fotuiuede i

5.3 (a) Determine graphically from Figure 5.2-1 which of
g(x) = a exp(ax) or h(x) = « x® seems 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),
PG(B,ZB.B)

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

confirm your answer to part (a)?

Note: Etg)= E[g(x)]= X [g(x)-y,1°
k=1

E(h = E(h(x)1= X [hix -y 1"
k=1
Ans.  g(x) = 1.9942 exp(0.47962 x)
hi(x) £ 2.3032 x

1.3008
. A
(¢) Find E(L) for the linearized data [i.e., Q (X ,Y )1 for
g(x) and for h(x)>. Do your results confirm your answer to
part (a)?
A
Note: E(L)= X (a+ b X, -Y,]

k=1

2

OR 205 (H) 61
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C¥x¥x*¥¥CALLING PROGRAM FCR LINFIT**¥*
Cr****PROBLEM 5.3 QR 205¥*#**

10

11

20

12

30

13

DIMENSI ON X(6),Y(6),G(6),H(6)
REAL LNY(6),LNX(6)

DATA X,Y/1.,2.,3.,4.,5.,6.,2.3,6.1,10.7,16.0,21.9,28.3/

OPEN(6,FILE="B:RLINFIT1.0UT’ ,STATUS="NEW')
N=6

DO 10 1=1,8

LNY(1)=ALOG(Y(I))

LNX(I)=ALOG{X(I))

CALL LINFIT(N,X,Y,SQUERR,YCEPT,SLOPE)
CALL PRINT(N, X, Y, SQUERR, YCEPT, SLCPE)
CALL LINFIT(N,X,LNY,SQUERR,YCEPT,SLOPE)
CALL PRINT(N,X,LNY,SQUERR,YCEPT,SLOPE)
ALPHA=EXP(YCEPT)

BETA=SLOPE

WRITE(6,11)ALPHA, BETA

FORMAT(1X, 'ALPHA = ', F10.5,' BETA = ',F10.5)
EG=0

DO 20 1=1,6

G(1)=ALPHAXEXP(BETA*X(I))
EG=EG+{G(1)-Y{I))**2

WRITE(6,12}EG

FORMAT(1X, 'E[g(x)]=",E12.7)

CALL LINFIT(N,LNX,LNY,SQUERR,YCEPT,SLOPE)
CALL PRINT(N,LNX,LNY,SQUERR,YCEPT,SLOPE)
ALPHA=EXP(YCEPT)

BETA=SLCPE

WRITE(6,11)ALPHA,BETA

EH=0

DO 30 1=1,6

H{T)=ALPHA*X (] )¥*BETA
EH=FH+(H{I1)-Y(I))%*2

WRITE(6,13)ER
FORMAT(1X,'E(h(x)1=',E12.7)

STOP

END

C-****SUBROUTI NE TO PRINT QUTPUT*****

62

SUBRQUTI NE PRINT(N,X,Y, SQUERR,YCEPT, SLOPE)
DI MENSION x(20),Y(20)
WRITE(6,2)(X(1),I=1,N}

FORMAT(/® X:',6F10.5)
WRITE(6,3)(Y(I),I=1,N)

FORMAT(’ Y:',6F10.5)
WRITE(6,4)SQUERR,YCEPT, SLOPE

FORMAT(’ ERRCR SUM CF SQUARE E[L*] = ',E14.7/
'Y = | NTERCEPT = 1,E14.7/
' SLOPE = ' E14.7)

WRITE(6,5)YCEPT,SLOPE

FORMAT(’ PREDICTION EQUATION  Y"= *,F8.5,’ +',F8.5,” *X ')

RETURN
END

OR 205 (H)



¥: 1. 00000 2.00000  3.00000 4.00000  5.00000
Y: 2.30000 6.10000 10.70000 16.00000 21.90000

ERROR suM b SQUARE E[L"] =  .3961378E+01
Y - [|NTERCEPT = -.4053333E+01
SLOPE = .22Z220000E+01

PREDICTICN EQUATION  Y"= -4.05333 t 5.22000 *X

x: 1.00000 2.00000  3.00000 4.00000 5.00000
Y: ,83291 1.80829 2.37024 2.77259  3.08649

ERRCR SIM OF SQUARE E[L"] =  .2744317E+00

Y = | NTERCEPT = ,6902263E+00

SLOPE = L,4796201E+00
PREDICTION EQUATION  Y"=  ,69023 t 47962 *X
ALPHA =  1,99417 BETA = 47962
E(g(x)]=.6379251E+02

x: , 00000 .69315 1.09861 1.38629  1.60944

Y: .83291 1.80829 2.37024 2.77259  3.08649
ERRCR SWM OF SQUARE E[L"] .2519730E-04

Y ~ |NTERCEPT .8342540E+00

SLOPE +1399493E+01
PREDICTION EQUATION  Y"=  ,83429 t 1.39949 *X
ALPHA = 2.30319 BETA = 1.39949
E(h{x)]=.2546936E-02

TRl

OR 205 (H)

6. 00000
28. 30000

6. 00000
3. 34286

1.79176
3. 34286
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5.4 Do (a)r-(c) of the Exercise 5.3 for g(x) = «/(ptx),
h(x) = « 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. () gGx) = -4.5772/(-B.2710+x)3
hix) 2 -3.1829 x(7454t x

f 4 EY) ] ar v ¥
FINAVTLAEBTUTUATUA IR IWE TN TU uasn111ﬂiu3nu LINFIT 1aWanvIu

Cxx*x*¥CALLING PROGRAM FCR LINFIT#*¥%x
Cxx*x*PROBLEM 5.4 OR 205%x¥%x
DI MENSI ON X(6),Y(6),G(6),H{6)
REAL XY(6),DYX{6)
DATA x,Y/0.1,1.,2.,3.,4.,6.,.04,.51,1.2,2.2,3.8,13.2/
OPEN(6,FILE="A:RLINFIT2,0UT’,STATUS="NEW’ )
N=6
DO 10 1=1,6
XY(T)=X(I)*Y(T)
10 DYX{I)=Y(1)/X(1)
CALL LI NFIT(N, X, Y, SQUERR, YCEPT, SLOPE)
CALL PRINT(N, X, Y, SQUERR, YCEPT, SLOPE)
CALL LINFIT(N,XY,Y,SQUERR,YCEPT,SLOPE)
CALL PRI NT( N, XY, Y, SQUERR, YCEPT, SLOPE)
ALPHA=- YCEPT/ SLOPE
BETA=~1, /SLOPE
WRITE(6,11)ALPHA,BETA
11 FORMAT(1X,’ALPHA = ’,F10.5,’ BETA = ’,F10.5)
EG=0
DO 20 1=1,6
G(|) =ALPHA/ ( BETAt X(1))
20 EG=EG+(G(T)-Y(I))**x2

WRITE(6,12)EG
12 FORMAT (1X, 'Elg(x)]=",E12.7)
CALL LINFIT(N, DYX, Y SQUERR, YCEPT, SLOPE)

(N
CALL PRI NT(N, DYX, Y, SQUERR, YCEPT, SLOPE)
ALPHA=YCEPT
BETA=- SLOPE
WRITE(6,11)ALPHA,BETA
EH=0
DO 30 1=1,6
H(I)=(ALPHA®X(1))/(BETA+X(I))
30 EH=EHt(H(1)-Y(1))**2
WRITE(6,13)EH
13 FORMAT(1X,’E[h(x)]=’,E12.7)
STOP
END

6 4 OR 205 (M)



{: ,10000 1. 00000 2.00000 3.00000 4.00000

Y: . 04000 “51000 1.20000 2.20000 3.80000
ERRIR SIM COF SQUARE [E(L")] = .2232199F+02

Y - |NTERCEPT = -.2119882E+01

SLOPE = ..2091260E+01
PREDCTION EQUATION Y*= -2,11988 t 2.09126 *X

X . 006400 .51000 2.40000 6.60000 15.20000
Y: 04000 .51000 1.20000 2.20000 3.80000
ERRR SIM COF SQUARE [E(L")] = .1192706E+01

Y =~ | NTERCEPT = 7298974Et Q0

SLOPE = .1594647E+00
PREDICTTON EQUATION  Y"=  ,72990 t .15946 *X
ALPHA = -4.57717 BETA = -6.27098
E[g{x)]=.1808747E+02

X: 40000  .51000 . 60000 .73333 . 95000
Y: .04000 51000  1.20000 2.20000 3.80000
ERRR SWM OF SQUARE [E(L")] =  .8913414E-01

Y = | NTERCEPT o -,3182933E+01

SLOPE = .,7425389E+01

PREDI CTION EQUATION Y*= -3.18293 t 7.42539 %X
ALPHA = -3.18293 BETA = -7.42539

E[h(x)]=.4890339E-01

OR 205 (H)

6.00000
13.20000

79.20000
13.20000

2.20000
13. 20000
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5.5 Do (a)-(c) of Exercise 5.3 for gi(x) = a+p 1ln X,

h(x) = a+(g/x), and P ,¢1,0.2),P, (2,1.8),P_(3,2.8),

P,(5,3.8),P_(7,4.5),P_(10,5.3).
Ans. (b) g(x) = 0.21887 t 2.2075 In X;

hix) = 5.0403 - 5.2902 ; x

o ' L ¥ o 3
N9 aauTdTuATRA IR TUN TR uaznwsﬂﬁ%nzﬁu LINFIT 1awan9i

CR¥XXXCALLING PROGRAM FCR [INFIT**x%
Ck%*¥*¥PROBLEM 5.5 OR 205*%*xx

10

11

20
12

30
13

DI MENSI ON X(6),Y(6),G(6),H(6)

REAL LNX({6),RX(6)

DATA X,Y/1.,2.,3.,5.,7.,10.,.2,1.8,2.6,3.8,4.
OPEN{6,FILE="A: RLINFIT3.0UT’,STATUS=!NEW’ )
N=6

DO 10 I=1,6

LNX(1)=ALOG(X(T))

RX(I)=1./X(I)

CALL LINFIT(N,X,Y,SQUERR,YCEPT,SLOPE)
CALL PRINT(N,X,Y,SQUERR,YCEPT ,SLOPE)
CALL LINFIT(N,LNX,Y,SQUERR,YCEPT,SLOPE)
CALL PRINT(N,LNX,Y,SQUERR, YCEPT,SLOPE)

ALPHA=YCEPT
BETA=SLOPE

WRITE(6,11)ALPHA,BETA

FORMAT(1X,’ALPHA o ',F10.6,' BETA = ',F10.6)
EG=0

DO 20 1=1,6

G{I1)=ALPHA+BETA*ALOG(X(I))

EGEG (G(1)-Y(1))**2

WRITE(6,12)EG

FORMAT(1X, ’E[g(x)1=',E12.7)

CALL LINFIT(N,RX,Y,SQUERR,YCEPT,SLOPE)
CALL PRINT(N,RX,Y,SQUERR,YCEPT,SLOPE)
ALPHA=YCEPT

BETA=SLOPE

WRITE(6,11)ALPHA,BETA

EH=0

DO 30 1=1,6

H(1)=ALPHA+BETA/X(I)

EH=EH+ (H(I)-Y(1))**2

WRITE(6,13)EH
FORMAT(1X,’E[h(x)]=’,EI2.7)

STOP

END

5,5.3/

OR 205 (H)



Xx: 1.00000 2.00000  3.00000 5.00000 7.00000
Y: .20000 1.80000  2.60000 3.80000 4.50000

ERRR SUM OF SQUARE E[L°] » .1740757E+01
Y - | NTERCEPT = . 5779068E+00

SLOPE = .5261628E+00
PREDCTION EQUATION Y"= 577907 t .526163 *X
x: , 00000 .69315 1.09861 1.60944 1.94591

Y: .20000 1.80000 2.60000 3.80000 4.50000
FRRR SIM CF SQUARE E[L” ] . 5913733E-02

Y - INTERCEPT = 2188726E+00

SLOPE = . 2207R08E401

PRED CTI ON EQUATION: Y = .218873 t 2.207509 *Xx
ALPHA = .218873 BETA = 2.207509
E[g(x)]=.5912100E-02

X 1 .00000 .50000 . 33333 . 20000 .14286
y 20000 1.80000 2.60000 3.80000 4.50000
ERRCR sSUM OF SQUARE E[L"] o 1716579E+01

Y = INTERCEPT = .5040266E+01

SLOPE = -.5290241E+01

PRED CTI ON ERUATION: Y'= 5.040266 t -5.290241 *X
ALPHA = 5.010266 BETA = -5.290241

Elh{x)]=.1716581E+01

OR 205 (H)

10. 00000
5. 30000

2. 30259
~5.30000

. 10000
5. 30000

67



5.6 Do (aj)-(¢c) of Exercise 5.3 for g(x) = «/(p+x),

hix) = « expi(px),

P,(4,13.2),P_(5,32.8),P_(6,77.4).

Ans.

(by gi{x) = -17.498/(-6.12524%);
hax) = 0.36979 exp(0.69295 x)

and P (1,0.9),P (2,2.2),P, (3,5.4),

3 ol LYl w X
31NN 7L BEUTUTHRTHA R AWA THN T uasﬁqiﬂﬁﬁugnu LINFIT 1auwanvi

CkxxxkCALLING PROGRAM FCOR LI NF| Tr***
Ck*kx%*PROBLEM 5.6 OR 205%%¥¥x

10

1l

12

30
13

DIMENSTON X(8),Y(6),G(6),H(6)
REAL XY(6),LNY(6)

DATA X,Y/1.,2.,3.,4.,5.,6.,.9,2.2,5.4,13.2,32.6,77.4/

OPEN(6,FILE=’A:RLINFIT4.0UT’,STATUS=’NEW’)

DO 16 1=1,6

XY(1)=X{1)*Y(1)
LNY(I)=ALOG(Y(I))
CALL LINFIT(N,X,Y,SQUERR,YCEPT,SLOPE)
CALL PRINT(N,X,Y,SQUERR,YCEPT,SLOPE)
CALL LINFIT(N,XY,Y,SQUERR,YCEPT,SLOPE)

CALL PRINT{N,XY,Y,SQUERR,YCEPT,SLOPE)
ALPHA=—YCEPT/SLOPE

KETA=-1 ./ SLCPE

WRITFK(6,11)Al.PHA, BETA

FORMAT( 1X,"ALPHA = *,F10.6," BETA =',F10.6)
kG=0

bo 20 1=1,6

G(I)=ALPHA/{BETA+X (1))
EG=EG+(G(T)-Y(1))**2

WRITE({6,12)EG

FORMAT(1X, 'E{g(x)]=',E12.7)

CALI. LINFIT(N,X,LNY,SQUERR,YCEPT,SLOPE)
CALL, PRINT(N,X,LNY,SQUERR,YCEPT, SLOPE)
ALPHA=EXP(YCEPT)

BETA=SLOPE

WRITE(6,11)ALPHA,BETA

EH=0

po 30 1=1,6

H({I)=ALPHAXEXP(BETA¥X(1))

EH=EHt (H(1)-Y(1))**2

WRITE(6,13)EH

FORMAT(1X, 'Elh(x)]=",E12.7)

STOP

END

OR 205 (H)



OR 205 (H)

X: 1.00000 2.00000 3.00000 4.00000 5.00000 6.00000

Y: . 90000 2.20000 5.40000 13.20000  32.60000 77.40000
ERRCR SWM OF SQUARE E[L"] = ,1059723E+04
Y - | NTERCEPT = -,2620000E+02
SLOPE = . LuTD5714E+4+02

PREDICTION EQUATICN  Y"= -26.200000 t 13.757140 #*X

X: + 90000 4.40000 16.20000 52.80000 163.00000 464.40000
Y: . 90000 2.20000 5.40000 13.20000 32.60000 77.40000
ERROR SIM F SQUARE E[L"] = .2072951E402
Y « | NTERCEE' T = ,2856798E+01
SLCPE = . 1632595E+00

PREDICTICN EQUATION  v°=  2.856798 t .163260 *X
ALPHA = -17.498510 BETA = -6.125217
Efg(x)]=.4212815k+04

X:  1.00000 2.00000 3.00000 4.00000 5.00000 6.00000

Yy * -.,10636 .78846 1.68640 2.58022 3.48431 3.34899
ERRR SWM CF SQUARE E[L"] =  ,4351788E-03

Y - INTERCEE'T = -,9948083E+00

SLOPE = ,8929462E+00

PREDICTION EQUATION  Y"=  -,994810 t ,892946 *X

ALPHA = 369794 BETA = 892946

E{h(x)]=.1389400K+01
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