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Example : The following data are obtained from test :
x:01 3 4
y.:1 2 10 17
Required : 1) Construct a polynomial equation
passing through the points
1) f(x) at x=2



Solution :
f(X)=a, +a,x+a,x* +a,x’
(0,2);

1=a_ +a,(0)+a,(0)° +a,(0)°...

(1,2);

2=a_ +a()+a,@)°+a,)°...

(3,10);

10=a,+a,(3)+a,(3)° +a,(3)".

(4,17);
17=a_+a,(4) +a,(4)" +a,(4)°
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Differences of Interpolating polynomials:

1— Newton forward Interpolting :
Suppose that a table relating a dependent variable
f (X) to an independent variable x Is given as:

X. X X, ) CRTRRR X

0

f(>l<i): F(x) T FO)mmmmn f(x)
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f (x+h)=Ef(x,)
E =Shift operator
f(x+2h)=E*f(x)
f(x+an)=E“f(x)
E=1+A

X — X
o =

h

f(x+ah)=E*f(x)=(L+A)"f(x)
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Example : Given the following data, approximate
the functional value at (x=1.5)

x:0 1 2 3 4

y -1 0 3 8 15



Solution
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1— Backward: x=1.5 h=1 X, =
X— X

o =

05215_3 _ 15
1

At x=3
f(x)=8, Af(x)=5 and A f(x)=2
f(1.5 =1+«

f(L5) = [1+ Aa + A? “(“ +1)

11(x)

_15(-15+1)

f (1.5) =[8+ 5*(~1.5) + 2* 5

]
=8+7.5+0.75=1.2



3— Lagrange Interpolation

Consider (X,,VY,), (X, Y1) (X5, Y5)eeenen. (X, Y.)
Lagrange Interpolation Polynomial Is:
k=n
f)=Ln(x)=3 - L)

0 £ (X k)

0, =(X=X)(X=X,)(X=X;).......
0= (X=X )(X=X,)(X—=X5).......

.63 = (X=X, )(X =X ) (X=X, ) (X=X, ).......



T (x)
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f (X) _ (X_ Xl)(X_ Xz)(x_ X )

(Xo_xl)( —
o X, — X, ) (X, —X,)... Yot
5 o) (X=X, ) (X —
e
o (X, —X,).... ar
o) (X=X )(X=X;)
—*Y, +.....

(Xz —XO)(X2 _Xl)(x —X )

(X=X,)
=>f(X)=y, ;(X=%X)=>f
1 (X):yl



Tikrit University-Civil Engineering
Department Third Stage Eng.Anal.&Num.
Meth. Dr. Adnan Jayed Zedan




Example : Given
x.: 0 2 3 5
y: 1 7 13 31
Required : f(x) at x=4



y = f(4) _ (4_2)(4_3)(4_5) *1 4 (4_0)(4_3)(4_5) *7
(0-2)(0-3)(0-5) (2-0)(2-3)(2-5)
n (4_0)(4_ 2)(4_5) *13 + (4_0)(4_ 2)(4_3) *31
(3-0)3-2)(3-5) (5-0)(6-2)5-3)
L 2MAED L, AMNED o AR2%(D), . 4%2%L,
Z2%(3)(<5) | 2%(-1)(=3)  3*1*(=2)  5%3*2
2, -4, -8, 8

—*1+ [+ —*13+—*31=21
- 30 6 -6 30

31




Example : Given
x:1 2 3 5

y: 0 3 38 14
Required : f(x) at x=4



y = f(4) _ (4_2)(4_3)(4_5) *() + (4_1)(4_3)(4_5) *3
(1-2)1-3)1-5) (2-1)(2-3)(2-5)
n (4_1)(4_2)(4_5) *g 4 (4_1)(4_2)(4_3) * 94
B-DB-2)E-5  (B-1DB-2)(>-3)
L BMNED L, 8RN, 3%2%,
1*(-1)(3)  2%1%(2)  4%3%2

=0 24

_ 393,705, O uos_15
3 T4 24



Curve Fitting

The method of Least squares
Consider a sample of (X, V,),(X,,V,),(X;,¥3)---(X,,¥,)
of size (n).It isrwquired to draw abestline passing
the points above, such that the sum of the square
errors measured in (y — direction ) is min imum.
We shall study the best straight line through the given
points.
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Suppose that the best line Is:
y =a+ bx
e =(errorat x=x.)=y. —(a+bx)=y. -y

Zei = Z[yi —(a+bx;)]
> (@) =21y - @+bx)F

1=1

i(ei)z =S

S = Zn:[yi —(a+bx; )]°



S =y, ~ (a-+bx)P

S~ {y —(a+bx)H(-D =0
a i—1

3Ly, - (a+bx)] =0

ZH:Yi _Zn:(aerXi):O
Zy, Z(a+bx)

Zyi = Za+znlbxi = azn:1+ bZn:xi
=1 =1 =1 =1 =1
SO0y =an+b) e (1)

=1 =1



S = Zn:[yi —(a+bx))’

2—E=Z[i{yi ~(a+bx)}](=x) =0

i[yi —(a+bx)]x =0
Zn:yi i _Zn:(aerXi)xi -0
iy| i :Zn:(a-l-bxi)xi

Zn: YiXi = Zn:axi + Zn:bxiz
i=1 i=1

i=1



>

DY
=1
Z YiXi
=




Example : Required the best straight line passing
the points:
x: 0 1 3 4

y:1 3 7 10
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4 8 |a 5 21

8 26| b| |64
4a+8b =21
8a + 26b = 64
Solve the above Eqgs. getting a=0.85& b=2.2
y = a+ bx

-y =0.85+2.2X




Example: Fit the data shown below with a best line
passing through the origin: [y = bx].
X. . 1 2 3 5

y.: 2 5 7 9
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S = Zn:[Yi _bxi]2

n

0S
% — Z[Yi _bxi] (_zxi)

1=1
iyl i bi Xi2
=1 1=1
Zn: YiX
p=iT - g_g _2
¥



Example : Find the best curve (y = ae™) passin g
through the points:
x.: 0 1 3 06

y.: 2 3 9 40



Solution : By taking Log. of both sides:

In y=In ae™ =In a+Ine*
Y =A+bx such that (Y =Iny & A=1In a)

X yi  Yi=Iny, XY, X;
0 2 0.693 0 0
1 3 1.0986 1.0986 1
3 9 2.197 6591 9
6 40 3.689 22.134 36
> 10 7.677 29.8236 46



noo x| [A] | DY
PRI RLIEPRA!

4 10].[a] [1.677

* —

10 46| |b| |29.8236

Solve the above Egs. getting A=0.6536=In a=a=1.9225
& b=0.5064

-y =1.9225¢"°%%



In the case of Quadratic Parabola:
y=a, +aX+a,x’

€ =Y _(ao + & X +a2Xi2)

3 ()" =S =Y, - (@, + ax +a )]

i=1 i=1

aS n n n 5
—=0=) y,=na,+a ) X +a, ) X (1)
08, i1 i—1 i—1

@Z():Zn:xiyi :aozn:xi +alznlxi2 +a22nlxi3....(2)
0a, i—1 i—1 i—1 i=1

= 0= ixizyi = aoixiz T alixf * aZZn:Xi4""(3)
oa, i—1 ol i1 i—1
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