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Newton Form

PaCtid = P, j= 0,1,

P> = POD + P [2o, 2] (2-2o)
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Horner's Scheme
&(90 = G, + Q, (o =2p)

+ Gy (A= Ap) (- 2y)
3 multiplications + 2 oadditions

b () = [0, (A= 29) + Oy ] (=263 7 Qo
2 multiplications + &2 adclitions




b () = O + Oy (A=)t 1
Qp (= 2o) ==+ (o= Ap-q)
1+9+---4+n = 'l%ﬂ} multiplicoadions

4+ N additons
bn = Q. For J: n-1,---, 0
bj = & + bj+1(2=2)

Then b, = ) n muwltiplications
0 Fﬂ( + n addﬁl—ioﬁs o




Cubic. Hermite Interpoldation
?:[o,b]— R is ditPerntiobls
_Anm To Pind polynomial B
of cdegree = 3 Such that

@ ()= P, P, (w- #Ch),
%(a) P, P, ‘() = 2(b).




Recall Hhat

B> = #OD+ o, A4](2-2s)

+ B L0, 24,2, ] (=2 (X-2y)

+ P [o, sy Zy, 2] (- 2D (-2) (A-25)

910—9(1-&’ oz_';t"b

Plo,a] = 2(a), #[a,a,b)= FL* b] )
—Q




a Pl 20
a R $la,a,b]
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b £(b) 72,[(0;0)] Pla.b,b] d
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Pla.a,b) = +La.b] —$(a)
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Po,a, b, b] = Plo.b.b] - #[a,a,b_")‘
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b = #(ad+ [a, a] (2-a)
+*la,o0,b] (- a)

+ P[a,a,b,b] (x-a)y (2-b)
%CQ) = +(a)

p’(x): Plo,a)+ 2 * [a,a,b](t-a)

> Rla.a, b, 6]} 2 (2-6) (-b)
+ (-a)* j
|93(a7=$(a>




b = F(@ + £[a, a] (2-a)
4 Pla, o, b](-a)"

+ ?[a,a,b,b] (x-a) (2-b)
E;(b)_ve(a)-t—-f—)(a)(b Q)+

L Pla.b]- £ (b- a)

b-o

= P+ £(b) - £(a) = Bb)




(> = £l + P[a, a] (2-a)
+*la,o0,b] (- a)

+ ?[a,a,b,b] (x-a) (2-b)
P’Cﬂt) Plo,a)+ 2 * [a.a,b]Ct-a)
" #[o.0,b, b]{ 2 (-a) (2-b)

+ (-a)*
b, ‘) = () + 2 R [a,a,b) (b-a)
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b/(b) = R(ad+ 2 £ [, &, b) (b-a)
+ {f[a.b,b]— #[a,a.b] ) (b-a)
Play +{PLo-b 8]+ P [0.a.b] § (b-a)

£ (a) + {ﬁ'(b)— Plo,b)+ #[a.b] - ?’(a)}
(b




Recall thed
2 has a Simple. Zero af C

P Ply=o0, Pl>+o0 .

P has a zero 0_1_2_ Mulﬁpljci'z—} m
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A podynomial of degree n has
exacfly n zeroes , Counted accora(b'ng
o their mubliplicities .

A non-zero polynomial of clogree < n
has at most n cdlistinct zZeroes .
If a podynomial of degree < has
more thon n =2Zeroes,then it is @

Z ero Pol(ynom;qj.



Uniqueness of the cubic

Hermite Poﬂ(ynomiai

Let py () and q,(2) be
POJ(ynomich of o&gr@b < 3 Such that

p (3 = Pla) = 9;(a) 5 py(b)=2(b)= cls(b)
P, (0) = (o) = 623/(00, b ‘D= P(h= oza'(b)




0

p=9, podynomial o P
oclﬁfee < 3 Such that

Py=95) (B = (py-9,) (D=0

Thus  p,- 9 has 4 zeroes,

doubde zero at a, dowbde zero at b
(P3-9) (M= 0 = p(A)=9,()




Error :

P() - p, (1)

= £ [, 4,2, 0, ] w (R,

where  w) = (- Ao) (- A9) (A= 2A,) (A-2y)
Ao=2Ay= A, Ay=A,=b

P = Py ()

=P[a,a,b,b,2) (2-a)° (x—b)
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= - - ~ O+b
4 (x-a) (a-b) (2 - L1b)
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9'(ask) = o
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b £(b) 72,[(0;0)] Pla.b,b] d

b £(b) ,
Pla.a,b) = +La.b] —$(a)
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Po,a, b, b] = Plo.b.b] - #[a,a,b_")‘
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Example

2
PO = a7+ RO A
PO = 4 2% 3% 2+ 1

O

Lo
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0 1, 2 2
5, b ()= 1+ 2+ 32732 (1-1)
1 b



Example
PO = 274 23+ 22—1- A+ 1

O 1 1 P () = 1+ A+ 327+ 32 (21
o 1, 3, =tras 32>
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Convergence of +he
© ird’@rpo]?ﬁn7 polynomial
.

PO = ppad) = P [Aou 2y, -0 2y, ] WED,
where wW(X) = Col-Ao) --- (A-Ayp)
P,,Cx\))= "9(9(\1)) \}= O0s,1,---,n

.P£z-0) Ay, == xn 7 7"..] = -P(n-H)(Cx’)
(n+1) 1
P - b, (4) = Pt

(h+1) 1




Po- p, o= 2o s
(h+1))
Ne-p,n < | PO Nwil
2 (ntn))
Jw | = [(t-26)--- (A= 2)]
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Runge Example

PR = ! , e [-1.1]

1+ 25 1>
Lnterpolation Points : E.qui olistant
=1 1 Py
-1 o 1 By
-1 —'H-_-?;T —11—%--. 1 Pn

H?—Pnnw——-) c©  AS pn—eco




Choose Ir\ferq)ol ofion Points

10)0
o1 24,1
Ao,n—2Xy,n = Zn,p

There exists @ Continuous Punction
£ for which I¥-p, ]}oo7L—> O as hoeo




Fix @ continuous -Puncﬁon

There exists

964,1 “'P_Pn“oo—_)o
aAsS n—oco |,




Linear Poﬂynom ial Interpolation

P [o.b] — R

do = O, Xy =b

p,(2) = 2>+ £ [a.b](n-a)

Pl — p, () = # [a. b, 2] (A-0a) (x-b)
=[#w/, J(2-a)(2-b)

1f-p Il , < 12" 1l (_b-_a)%
~ 2




Piecewise Linear Tnterpolation
P.[a,b]— R, h=b-a_ ,

n

tj: aﬂ'ih, j:-O,?,---,h

:IO ;t1 :t-Z, {;;-1 "lin:b

9, € C[a'b]; 9, pody. of doagree < 1
! IE‘l:i,tiﬂ] 7 J

gn C'LI> = ‘P('b;)/ i= 0,1,- -, Nn




1= Py, € “P"“oo(b-a)@
Py 2

mox | B(x)- 9,00] < 1£"] 2,
€ [tisting] 4 = Z)"

1e I, = max |£'C(]
Xe [o,b]

12-g, 0, < N# N he
g
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