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:> restart; &4k 1 exrtdy Asse s o
‘F> B:=exp(1)/3;
pr=x->exp(~1/sqrt(3)I*(x-1/sqrt(3))/(~-2/sqrt(3))
+exp(Ll/sqrt(3))*(x+1/sqrt(3))/(2/sqrt(3));
Bi= E e
3
1 3 1 1 A3 1
pi=X—5— -8 X o «/§+-—e X+ *\/5
L : [ ﬁ} 2 [ ﬁJ
_> plot{[B,abs(exp()~-p()) ], x=-1..1);
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0.4- /
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B-restarti Q4,2 21, gl A i <

»»»»» o .

E} # Substitute values for xj, yj and Mj into (4.63)

> snr=COx[IT-t)A3*MII-11+ Ct-x[§-11)A3*M[ 313 /6/ (x[§]-x[i-11)
+CCXEFT- D) *y[§-11+ Ct-x[§- 1D *y[31) / ([ §1-xT-11)
~1/6%(x[]-%[-112*C(x [Tt *M[ 11+ Ct-x[I-L1D*M[ 51D ;

(Xj"" t)B%_1+(t*Xj—1)3]\4j (Xj— f)yj_1+(t~xj_1))fj
+

SN .=
6(Xj““ Xj_ 1) Xj— Xj-—l
1

_u_(x.
6

(G X 1) ((Xj“ t M}ﬁ 1+ (t- Xj.. v M})

> xn:=[0,1/2,1,2,3]:
yn:=[0,31/4,1,-1,-1];
Mn:=[0,38/7,-68/7,38/7,07:

xnzz{:O,E,I,Z,B]
2
1
n:i=, 0, 1,-1, -1
g [ y }

ﬁﬁﬁmr[0,§§,;§§,§§,0}
;7 77

> for i1 from 2 to 5
do

tmp:=subs([j=1,x=xn, y=yn,M=Mn, t=x],sn) :

print(sort(simplifyCtmp),x));

end:
38 3 1
x4 L
21 21
106 3 72 .2 107 6
— s X A e X — s X
n21 7 21 7
53,3 87,2, 370, 47
21 7 21 7

19 3 57 2 494 145
—_—X 4 — X - X+
21 7 21 7
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# S4.4#2b Compute critical points for error estimates on m3 min-max
polynomial

restart;

fr=x->arctan(x):
w3 =x->0.97238588%x~0.19193797%xA3;
f:= x— arctan(x)

m3 = x—+097238588xw~0&9193797x3
tmp s =diFF(FOO-m300 . x);
- 0.97238588 + 0.57581391 x°

tmp =
1+ x

cp:=soive(tmp=0,x):
cp = -0.7810969200G 0.781096990Q0 -0.2803622674 0.2803622674

pi=Lcp,1,-1];
p:i= [-0.7810969904, 0.7810969900 -0.2803622674 0.2803622674 1, -1]

n:=nops{pl;

for 1 from 1 to n

do |

eval f(abs(F(pli])-m3(plild));
end:
n:i==56
0.0049503234
009@9593234
(0.0049540894 Yz ﬁméﬁﬁwk ey

0.0049540894
0.0049502535
0.0049502535
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4,442 Graph ©t3 and f-m3 on [-1,1]

&» restart;

» Fr=x-sarctan(x);
3 r=xX->X-xA3/3;
m3c=x->0.97238588%x-0.19193797%xA3;
f:= x — arctan(x)

{3 1= x—>xwwl.x3
3

s plot(FOO-1300 , FEO-m3 00}, x=-1..1) ;

m3:= x> 0.97238588 x -~ 0.19193797 x"
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:} # S4.4p5a Computing the bound

&urestart;
> br=a->(Pi/4An+13 /(n+1) /240

> for 1 from 1 to 7
do
rho[1]1{f} <= evalf(b(i));
end:
p1(f) £0.1542125688

po(f) < 0.02018637805
p3(f) < 0.001981793031
04 < 0.0001556496608

0s(f) < 0.00001018724647

ol <5.715031909 1077
/() £2.805359728107°
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# 54.4p5b Find the error for m3 min-max polynomial
restart;

fr=x-rcos(x};
M3 :=x->0.9986329+0.0296140%x-0.6008616%xA2+0.1125060%xA3;
fi= x— cos(x)

m3 = X—A(L9986329—%(L0296140><~(16008616X2-%(11125060x3

tapi=diff(FfOO-m30x),x);
mp = -sin{x}) ~ 0.0296140 + L2017232x—-&3375180x2

plot(imp,.x=0..Pi/4);

. do

X
0005% 0.2 04 05 7
IIiIIf!III Illlllilii!iillllllilll%1___1!
-0.005
-0.01
-0.015
-0.02
-0.025
-0.03
cpl:=fsolve(tmp=0,x=0.2);
cpli=Fsolve(tmp=0,x=0.7);
cpl = 0.2174377516
cpl = 0.7551284367
pr={cpl,cp2,0,Pi/4]:
n:=nops{p):
for i from 1 to n
ceval f(abs(F(pliD-m3(p[ild));
end;
0.0013670499
C0.0013671259 - Lanaest aue
0.0013671
0.00135061552



:>» # S4.4p5c Graph cos(O-m30Q on [0,Pi/2]
> restart;

> Fr=x-»cos(30:;
13 1=xX->0.9986329+0.0296140%x-0.6008616%xA2+0.1125060%xA3;
fi= X5 COS(X)

m3:= x— 0.9986329 + 0.0296140 x - 0.6008616 x% 4+ 0.1125060 x°

- plot(F(O)-m30) ., x=0..Pi/2);

0.001
).0005
O—it!liiillfilfll[lllllflill(llllllllli!ll
! 06 08 1
i X
0.0005 -
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64,644

Calculation of the interpolating polynomial was done using Newton’s divided difference
formula. The Matlab function divdif.m written in class

1 function fn=divdif{xn,yn)

2 fn=yn,

3 n=length(xn);

4 for k=1:(n-1)

5 for i=n:-1:(1+k)

6 fn(i)={fn(i-1)-fn(i))/(xn(i-k) -xn(i));
7 end

& end

computes the divided differences and the script s46p4.m given as

1 clear all

2 n=3;

3 xn=cos{ (2% [0:n]+1)/(2*n+2)*pi);
4 ton=1/2%(1+xn);

5 yn=exp(tn);

s fn=divdif (tn,yn);

7 printf(Cpi=’);

s for i=1:n+1

9 if i>1

10 printf(’\n  ’);

11 end

12 printf (?%+20.16e’,fn(i));

13 ¢ for j=1l:i-1

14 printf (**(x%+20.15e)’,-tn{j));
15 if (mod(j,2)==1) && (j<i-1)
16 printf(’\n ")

17 end

18 end

19 end

20 printf(?;\n’);

rescales the node points and prints the interpolating polynomial in an easy to understand
form that is suitable to use as input for Maple. The output from the script is

p:=+2.616767470796930e+00
+2.292607583992051e+00% (x~9.619397662556434e-01)
+§.7019048634829958e-01* (x-9.619397662556434a~01)
*(x-6.9134171618256449e~01)
+2.782396575482458e-01* (x-9.6193976625566434e-01)
*(x-6.913417161825449e-01)* (x-3,0B6582838174551e-01) ;



§4.644

The Maple script s46p4b.mpl given by

1 restart;

read "s46pd.out”;

printf ("The near min-max Polynomial is\n");
P:=sort(simplify(p),x,ascending);

printf("The min-max Polynomial is\n");
m3:=0.0994552+1.0166023xx+0,4217030*%x"2+0 . 2799765%x"3;
7 printf ("The difference between them is\n");

s P-m3;

[ T - - N )

reads the output from the Matlab program and collects terins in the polynomial for com-
parison with the min-max polynomial given in the book. The output is

p = 0.411417067 + 2.2928075839920561 x
+ 0.5701904863482995 {x - 0.9619397662556434) (x ~ 0.6913417161825448) +
0.2782396575482458 (x - 0.9619397662556434) (x - 0.6913417161825449)
(x - 0.3086582838174551)
The near mip-max Polynomial is
P := 0.99950861585 + 1.015632510 x + 0.4243010377 x2 + 0.27823856575 xB
The min-max Polynomial is
2 3
m3 := 0.9994552 + 1.0166023 x + C.4217030 x + 0.2798765 x
Thé.difference between them is

2 3
0.0000534185 ~ 0.000969790 x + 0.002B980377 x - £.0017368425 x

The coefficents for the two polynomials are almost the same. In particular, they differ by
no more than about 1 percent.



{S # S4.7p3 Find Teast squares appraximations of degree less or equal 4.
. restart;

r; ni=4;
PEO) :=1:
for i from 1 to n
do
Pl i=unapply (L7 /2A9%di FF(QeAZ-1DAT 35140 . X0 5
end:
n:=4
JPO:m 1
Pyi= XX
Py = x~e§-xz—:£
2 2

Py = x—>x3+..§{x2—-1)x

2
| P4:-—:x—~>x4+3(x2—1)x2+-§-(x2—1)
L
> dp:=(F,q)>int(FOOQ*g(X) , x=-1..1);
| 1

@:4ﬁmaj fixy g(x dx
-1
> Tspoly:=Ff->sum(dp(f,P[j1) /dp(P{il.PLG1D*P[i100,5=0. .n);

[

R— |

Ispoly .= f—
};%} 5&ﬁ3}f?
F} doit:=proc{f})
Tocal p:
printf("We are considering the function\n');
print(fOO):

printf("The least squares poly of degree %g or less is\n",n);
p:=sort{collect(Ispoly(F),x),x,ascending);
print{pl);
printf("or approximately\n");
print(sort(eval f(p),x,ascending));
printf("A graph of the errors on [-1,1] 1is\n");
plot(F(x)-p,x=-1..1);
end:




> # 54.7p3 part a.
doit(x->sin(Pi*x));

We are considering the function
sin(7r x)

The least squares poly of degree 4 or less 1is

3 3

2T

{ 3 21(-15 + ng)] 35 (<15 + 70 x°
— - X+
7T

2 TT

or approximately
2.692292525 x - 2.895604778 X"

A graph of the errors on [-1,1] 1is

0.2+
0.1+
=TT T T T T T T T
-1 -5 ) 0.
7 X
-0, 14
“012:

—



> # S4.7p3 part b.
doit(x->Tog{1+xAZ));

We are considering the function
En{xz + 1)

The least squares poly of degree 4 or less is

191 2333 ( 735 581) 2 ( 1575
—_ + 1 - T+ e | X

120 16 4

1w+ In(2) - %

or approximately
0.00286166 + 0.9330875 x° - 0.2497366 x™

A graph of the errors on [-1,1] 1is

1239

8

)



> # S4.7p3 part c.
doit(x~»arctan(30)

or approximately

|

75
16

We are considering the function

arctan(x}

The least squares poly of degree 4 or less is

35 105 245
- x+ | - T +
4 16 12

0.97621557 x - 0.20003512 x°

A graph of the errors on [-1,1] 1is

)<

-




u; # 84.7p3 part d.
doitOe->exp(30);

We are considering the function
e

1295 (-1) 175 3
+| —— e ——— x4+
4 4
or approximately

A graph of the errors on [-1,1] fis

X

The least squares poly of degree 4 or less 1is
23525 Y L poe s BAEDR VS UEIN
8 4 4

8

_ 41895 (-1,

8925

2
2835
4

e

(1)

Jcl
e X

2415
e 2
4

J 2
X

10000309 + 0.99795485 x + 0.499352 x> + 0.1761391 x° + 0.043597 x



