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INTERPOLATION

PART 2




Consider x: arguments and y: entry and y=f(x).

Given n+1 pairs of values of arguments and corresponding entries the
polynomial can be formed, is of degree n.

Assumption: all the arguments are equidistant, i.e, those are in A.P.

Let us consider h= the common difference or the common interval
between the successive arguments.

The argument for which the the entry to be found should be in the
lower half of the given values.

NEWTON’S BACKWARD INTERPOLATION FORM
Given, Argument(x): xg X1 X3 ... X,

Entry (¥): Y0 Y1 Y2 - D
h : the common difference of arguments and y = f(x)

Let the polynomial be

f(X) = bO + bl(x - xn) + bZ(x - xn)(x - xn—l) + b3(x - xn)(x - xn—l)(x - xn—Z)

++ b, (x—x,)(x —x,_1) . (X — x7)
Putx =x,, f(x,) =by = y, = b
Putx = x,_1, f(xn_1) = by + byp_1(xq_1 — xp)

= Yn-1 = Yn _bl-h

— Yn—Yn-1 — Ayn_1

= b
1 h h



Putx = x,_5, f(xn_2) = by + by (X2 — %) + by (X — %) (Xp—p — Xp—1)
= Yn-2=Yn — % 2h + a; (_Zh)- (_h)

= Yn-2 =Yn — 2 (yn - Yn—l) + aZ(Z!)h-h

Yn—=2Vn-1+tYn-2 __ AZyn—Z
21 h2 "~ 21n2

Similarly,

— A"yn_r
br = T r=1(1) n

Substituting the values of b,. in the equation

£ = i+ 222 = )+ 2252 (0 )~ )
+ A;yZ? (x —x,)(x —x,_1)(x — x,_5)
Tt i?,lyf (x — x,) (¢ = x5_1) o (X = X1) e (2)
Take v = x_hx”
Then v 4+ k = X250 4 o = X%tk _ X700ty _ X7k

h h h o h



So from (2),

v(v+1)
2!

v(v+1)(v+2)

(w+1)..(v+n-1)
- v\v vTn A"yo

Azyn—2 + nl

f) =y + vAy,; + Ny, 3 +..+

Which is known as Newton’ backward interpolation formula.

LAGRANGES INTERPOLATION FORMULA
This formula is being used if the arguments are not equidistant.
Given, Argument(x): xg X1 X3 ... X,

Entry (¥): Y0 Y1 Y2 e In

Here we assume the nth degree polynomial as

f(x) = cglx —x1)(x —x)(x —x3) vev vev v (X — X))

+ci(x —xp)(x —x)(x —x3) ver vev v (X — X))
+Co(x —xg)(x —x1)(x —x3) ver vev v (X — X))
S S
+c,(x —xp)(x —x))(x —x3) e v e (X — X 1)
Putx = Xx,
fo) = colxg — x1) (g — x2) (g — X3) wer ver v (X9 — X))
L 1
070 g —x0) G — 22) (g — X3) o o (g — %)



Putx = x4,

flx1) = c1(er — x0) (xp — x2) (X1 — X3) wer v veen (X1 — X))
I 1

T (x1 = x0) (1 = x2) (01 = X3) cvv e v (X1 — Xy,)
Putx = x,
f(x2) = 20z —x0) (2 — 1) (X2 = X3) wer vev e (02 — %)
o 1

2= (X'Z - XO)(.'X'Z — xl)(xz — X3) ver e e (Xz — Xn)
Putx = x3,
f(x3) = c3(x3 —x0) (3 — x1) (X3 — x2) (X3 — X4) wer vev e . (X3 — Xy)

1
7 T Gy = x0) O — 20) (3 — x2) (3 = Xg) e e (X3 — %)
Putx = x,,
f(xn) = Cn(xn - XO)(xn - xl)(xn = X2) e e (Xp — Xp—1)
1

7 I G = x20) Gt — 21) G = X2) o (i — K1)



So substitutingcg ¢y €3 oo, Oy

fG) = y (x—x))(x —x)(x —x3) wev ee . (X — X))

v (g — 2x1) (g — 2%2) (g — X3) e ver wee. (X0 — X))
n (x1=x0)(x1=x2) (X1 =X3) cervene. (x1—xn)

1 (xl—xo)(xl—xz)(xl—xg) .......... (xl—xn)

(x=x0) (x—=x1)(X=x3)ceervc (x—xn)
Y2 (x2—x0)(x2—x1)(x2—%3) eerernene (x2—xy)
n
(x—xp)(x—x1)(x—%2) cuenn.n. (x—xpn_1)
N (e =x0) 6y —=x1) (X7 =X2) e (Xp—Xn—1)

Which is the Lagrange’s fomula of interpolation.
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