
(4)(4)
> > 

> > 

(1)(1)
> > 

> > 
(5)(5)

(6)(6)

> > 

> > 

> > 

(3)(3)

(2)(2)

restart:
Problem 1
tru := 100+0.495+0.495;

Digits:=3;

a:= evalf(evalf(100+0.495)+0.495);
b:=  evalf(100+evalf(0.495+0.495));

Digits:=7;

abs(a-tru);
err_a := abs(a-tru)/tru;

0.990

abs(b-tru);
err_b := abs(b-tru)/tru;

0.010



> > 
(7)(7)

(6)(6)

> > 

> > 

(8)(8)

> > 

restart:
Problem 2
f:= x-> 2^x-x^3;

plot(f(x),x=0.9..2.1);

x
1 2

0

1

bisection applies because f(1)  > 0 and f(2)  <  0
a:=1.0;
b:=2.0;
for j from 1 to 10 do
c:= (a+b)/2:
print(j,c):
if (f(c)*f(a) < 0) then 
 b:=c: else 
a:=c:
end if:
end do:



(9)(9)

> > 

> > 

> > 

(6)(6)

> > 

(8)(8)

(10)(10)

> > 

> > 

> > 

> > 

(11)(11)

Secant
N:= 7;#number of times we iterate (tried a few until stabilized
v:=1.0;
w:=2.0;
for j from 1 to N do
J:=(f(w)-f(v))/(w-v);
x:= evalf(w - f(w)/J):
s||j:=x;#sets s_j equal to x
print(x):
v:=w;
w:=x;
od:

1.200000000
1.299688733
1.387296865
1.372505659
1.373455182
1.373467130
1.373467120

Newton-Raphson
N:=5;#number of times we iterate

Newton := proc(f,v)
local J,x;
J:=unapply(diff(f(x),x),x);
v - f(v)/J(v);
end proc;
x:=2:
for j from 1 to N do
x:= evalf(Newton(f,x)):
n||j:=x: #sets n_j = x
print(x):
od:

1.566508972
1.400321218
1.374097673
1.373467479
1.373467120
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> > 

(12)(12)

> > 

(13)(13)

> > 

(14)(14)

> > 

(6)(6)

> > 

> > 

(15)(15)

> > 

(11)(11)

(8)(8)

Problem 3
restart:
with(CurveFitting):
with(LinearAlgebra):
f:= x-> ln(x);

ln(evalf(exp(1)));#just check ln(x) is the natural log
0.9999999998

f[1] = 0 the rest are given by
for j from 1 to 4 do
t:= Vector(j+1):
y:=Vector(j+1):
for k from 0 to j do
t[k+1]:= 1.0+0.5*k:
y[k+1]:= f(t[k+1]):
od:
a||j:=coeff(PolynomialInterpolation(t,y,x),x^j):
print(a||j):
od:

0.8109302162

0.07099268585

p4:= x -> 0+a||1*(x-1)+a||2*(x-1)*(x-1.5)+a||3*(x-1)*(x-1.5)*(x-2.0)+a||4*
(x-1)*(x-1.5)*(x-2.0)*(x-2.5):
p4(1.2);
RelativeError:=abs(p4(1.2)-ln(1.2))/ln(1.2);

0.1809560207

plot(abs(p4(x)-ln(x)),x=1..3);

x
1 2 3

0
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(6)(6)

(17)(17)
> > 

> > 

> > 

(8)(8)

> > 

> > 

(18)(18)

(16)(16)

> > 

> > 

> > 

> > 

> > 

(19)(19)

(11)(11)

Problem 4
restart:
with(LinearAlgebra):
Digits := 30;
a := 1.0;b:=3.0;
w := t -> ln(t);
IP := proc( f,g ) evalf(int(f(t)*g(t)*w(t),t=a..b)) end;

Note the inner product IP above
n:=5;

p0 := unapply(1,t):
j:='j':k:='k':
for j from 0 to n-1 do;  
vv := t*p||j(t):
g:= unapply(vv,t):
for k from 0 to j do; 
if (k >= j-2) then vv := vv-IP(g,p||k)/IP(p||k,p||k)*p||k(t): fi:
od:
p||(j+1):=unapply(expand(vv),t):
od:
for j from 0 to n do p||j(t); od;

1

Lagrange basis functions for points indexed by i from 1 to N
L :=  proc( N::integer, i::integer, v::Vector, x)
        description "Lagrange function";
local j,T;
T:=1:
for j from 1 to N do 
if (j<>i) then T:= T*(x-v[j])/(v[i]-v[j])
fi;
od;
T;
end proc;



(21)(21)

> > 

(6)(6)

> > 

(8)(8)

(20)(20)

(19)(19)

(11)(11)

Computation of nodes x and weights
for N from 1 to n do
tempX:= Vector(N):
x := Vector(N): 
y:=Vector(N):
weights:=Vector(N):
tempX:= fsolve(p||N(t),t):
if (N=5) then  
print('nodes'):  fi:
for j from 1 to N do 
x[j] :=tempX[j]: 
if (N=5) then print(x[j]): fi:
od:
if (N=5) then print('weights'): fi:
for j from 1 to N do 
weights[j]:=int(L(N,j,x,t)*w(t),t=a..b):
if (N=5) then print(weights[j]): fi:
od:
od:

nodes
1.18685544270511230998878522085
1.58697223484505472915112269193
2.10081701089544016673034561149
2.59012299970142592205488639744
2.91719780634594153918827132700

weights
0.0523744743119421121791614819106
0.220657385059870148240421561646
0.390554787167617580259635053205
0.408059152018895425988986270127
0.224191067446003807517531343879

d:='d':
N:= 'N':
for d from 0 to 9 
do
ww:=0:
for N from 1 to 5 do
ww:= ww+x[N]^d*weights[N]:
od:
print(d,evalf(int(t^d*w(t),t=a..b)-ww)): od:
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(25)(25)

> > 

(8)(8)

(27)(27)

> > 

(28)(28)

(24)(24)

> > 

(26)(26)

(23)(23)

(19)(19)

(22)(22)

> > 

> > 

> > 

(11)(11)

> > 

Problem 5
restart:
with(student);

f := x -> sqrt(2-cos(x)^3);
a:=0;
b:=1;
Digits:=40;
truInt:=evalf(int(f(x),x=a..b));

for j from 3 to 5 do
S||j:=evalf(simpson(f(x),x=a..b,2*2^j));
RelError||j:= (truInt-S||j)/truInt;
od;

Note the 63.8  -- truely an h^6 method
RelError3/RelError4;
RelError4/RelError5;

15.86477853451029392385759144937264014640
15.96616031960799220071078795909647821259

RichExtrap34:=(16*S4-S3)/15;
RichExtrap45:=(16*S5-S4)/15;

RichardsonRelError34:= (truInt-RichExtrap34)/truInt;
RichardsonRelError45:= (truInt-RichExtrap45)/truInt;

RichardsonRelError34/RichardsonRelError45;
63.79988143064401134186600763903724338024



> > 

> > 

(28)(28)

(33)(33)

> > 

(30)(30)

(6)(6)

(32)(32)

(31)(31)

(29)(29)

(19)(19)

> > 

> > 

> > 

(11)(11)

(8)(8)

Problem 6
restart:
with(CurveFitting);

f:= (t,x) -> max((x-t),0)^2;

f0:= unapply(f(0,x),x);
f1:= unapply(f(0.5,x),x);
f2:= unapply(f(0.5,x),x);
f3:= unapply(f(1.0,x),x);

Note diff(f(t,x),t)= -2*max((x-t),0)
f01:= unapply((f1(x)-f0(x))/0.5,x);
f23:= unapply((f3(x)-f2(x))/0.5,x);
f12:= unapply(-2*max((x-0.5),0),x);

f012:= unapply((f12(x)-f01(x))/0.5,x);
f123:= unapply((f23(x)-f12(x))/0.5,x);
f0123:= unapply(f123(x)-f012(x),x);



> > 

(28)(28)

(19)(19)

(33)(33)

> > 

(11)(11)

(6)(6)

(8)(8)

So our version of B_{0,3}(x)=(-1)^3*f0123
plot(-f0123(x),x=-0.1..1.1);
Digits:=30;
kn:= [0,0.5,0.5,1];
plot(BSpline(3,x,knots=kn)+f0123(x),x=-0.1..1.1);

x
0 1
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(33)(33)

(37)(37)

(35)(35)

(6)(6)
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> > 

> > 

(8)(8)

(28)(28)
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(39)(39)

> > 

(36)(36)

(19)(19)

(34)(34)

> > 

(11)(11)

restart:
Problem 7
f:= (t,y)-> 3/t*y+t^3*exp(t);

g:= t-> t^3*(exp(t)-exp(1.0));

diff(g(t),t)-f(t,g(t));
0

h:=0.05;
w:=0:
for j from 1 to 20 do 
w:= w+ h*f(1+(j-1)*h,w):
od;

abs(w-g(2.0))/g(2.0);
0.1334253855

h:=0.025;
w:=0:
for j from 1 to 40 do 
w:= w+ h*f(1+(j-1)*h,w):
od;



(33)(33)

(6)(6)

> > 

(8)(8)

(28)(28)

(39)(39)

(40)(40)

(19)(19)

(11)(11)

abs(w-g(2.0))/g(2.0);
0.06983118051


