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Learning objectives

After this lecture, you should be able to:

1. explain an application of linear system, especially in the
polynomial interpolation.
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Polynomial interpolation
Problem
Given n+ 1 points (xo, ¥0), (X1, ¥1), - - -, (Xn, ¥n). Determine

polynomial p,(x) that goes through the points, s.t.,

yi=pn(x;) fori=0,1,2,...,n

After the polynomial p,(x) is found, p,(x) can be used to compute
the estimation of the y-value in x = a, that is y = pp(a).

YA

=y
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Polynomial interpolation

The polynomial interpolation of degree n that pass through points
(XO’yO)v (Xlayl)a BRI (Xnayn) is:

pn(x) = ag + a1x + ax® + - -+ + a,x"

(12 ¥ t)

.5,
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Linear interpolation

Linear interpolation is an interpolation of two points with a linear
line.

Let given two points (xp, yo) and (x1, y1). Polynomial that

interpolate the two points is:

p1(x) = ao + a1x

Yo = ao+ a1xo
(w1,1)
Y1 =ap+ aixy

(20, v0) This can be solved using
z Gaussian elimination.
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Quadratic interpolation

Let given three points (xo, ¥0), (x1,y1), and (x2, y2). Polynomial
that interpolate the three points is:

pl(X) = ag + a1x + 32X2

Y

2
Yo = aop + aixo + a2xg
(x1,91) 2
Y1 = ap + aix1 + axxg
Yo =ap+ aixe + 82X22
(0, 40) This can be solved using
z Gaussian elimination.
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Cubic interpolation

Let given four points (xo, y0), (x1,¥1), (x2,y2), and (x3, y3).
Polynomial that interpolate the four points is:

pi(x) = ao + aix + ax? + agx’

Yy Yo =ap+ aixp + a2x§ + asz’
2 3

(x1,91) Y1 =ap + aix1 + axx{ + axxy
Yo = ag + aixo + 32x22 + agxg’

¥3 = ap+ aixs + 612X32 + 32X§’

(0, o)

This can be solved using
Gaussian elimination.
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General interpolation

Similarly, using the Gaussian elimination method, we can
interpolate polynomial of degree n for n > 4, given (n+ 1) data.

Yo = a0+ aixo + axg + -+ anxy
y1:ao+a1x1+32x12+~-+a,,x{’

2
Yo = ap + a1xp + axxy + -+ + apxy

Y3:30+31X3+32X32+---+anx,',1
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