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% T T T

% T T T

function [a,b,c,d]=ncs(x,a)

%Natural Cubic Spline

%input n values x and a is the vector f(x)

%output the n-1 coefficients for the cubic polynomials
% a, b,c,d

n=length(x);
h=zeros(n-1,1);

alpha = zeros(n-2,1);
I=zeros(n,1);
mu=zeros(n-1,1);
z=zeros(n,1);

for i=1:n-1
h(1)=x(1+1)-x(i);

end

for 1=2:n-1
g alpha(i)=3/h(D)*ai+D)-a(1))-3/h(i-D*a(i)-a(i-1));
en

1(1)=1;
%mu(l) and z(1) are already zero
for i1=2:n-1
1(1)=2*(x(1+1)-x(i-1))-h(i-1)*mu(i-1);
mu(i)=h(i)/1(i);
q z()=Clpha(i)-h(i-12)*z(i-1))/1(1);
en

%1(n)=1; not needed
%z(n)=0 already
c=zeros(1,n); %sets c(n)=0

for j=n-1:-1:1
c(J)=z@)-mug)*c(+1); i i i
b(j)=(a(J+1)-a(§))/h(d) - h@)*(c@+1)+2*c(q))/3;
dd)=(cd+1)-c())/*h());

end

%clean-up
c=c(1,1:n-1);
a=a(l,1:n-1);

function [a,b,c,d]=ccs(x,a,FPO,FPN)

%input n values x and a is the vector f(x), FPO=F"(x_0),
% FPN=F" (x_n)

%output the n-1 coefficients for the cubic polynomials
% a, b,c,d

n=length(x);
h=zeros(n-1,1);
alpha = zeros(n,1);
I=zeros(n,1);
mu=zeros(n-1,1);
z=zeros(n,1);

for i=1:n-1
h(1)=x(1+1)-x(i);
end
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alpha(1)=3*(a(2)-a(1))/h(1)-3*FPO;
alpha(n)=3*FPN-3*(a(n)-a(n-1))/h(n-1);

for 1=2:n-1
alpha(i)=3/h(D)*a(i+D)-a(1))-3/h(i-D*a(i)-a(i-1));

end

1(1)=2*h(1);
mu(1)=0.5;

z(D=alpha(L)/1(1);

for i=2:n-1
1(D)=2*x(1+1)-x(i-1))-h(i-1)*mui-1);
mu(D)=h(1)/1(1);
z()=Clpha()-h(i-)*z(1-1))/1(1);

end

1(nN)=h(n-1)*(2-mu(n-1));

z(n)=Calpha(n)-h(n-1)*z(n-1))/1(n);

c=zeros(l,n);

c(n=z(n);

for j=n-1:-1:1
c(J)=z@)-mug)*c(+1); i ) )
b(j)=Cag+1)-a(j))/h() - h(G)*(cG+1)+2*cd))/3;
dd)=(cg+1)-cd))/(G*hd)d):

end

%clean-up
c=c(1,1:n-1);
a=a(l,1:n-1);

%Traditional method evaluate spline

function [X,y]=cub(x,a,b,c,d,il,i2)

%evalute the cubic spline with the coefficients a,b,c,d based on the points
%(x,F(x)) from the point il to the point i2

X
Yy

]
n
i

11:0.01:12;
_zeros(1, length());

II Il II
I—‘—I\JII 1

ength(a)

whille 1 <= length(X)
it (X(D<xd))

y(i) =
ag- 1)+b(J 1)*(X(1)-x(-1))+c-1)*(X(1)-x(-1))"2+d G -1)*(X(1)-x(-1))"3;
elseif X(i) > x() & j < n
J=i+1;
y(i) =
a(J—1)+b(J—1)T(X(l)—X(Jjl))+C(J—1)*(X(l)—X(J—1))A2+d(J—l)*(X(l)—X(J—1))A3;
elseif X(i)>x(n) &&j==n i i
elsey(l) = a(n)+b(n)*(X(1)-x(n))+c(n)*(X(1)-x(n))"2+d(n)*(X(1)-x(n))"3;
error("Problem with indexing®)
end
i=i+l;
end

%Matlab Features method evaluate spline
function [X,Y]=cub2(x,a,b,c,d,il,i2)
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X = 11:0.01:12;
n=length(a);
Y=zeros(1, length(X));
for j=2:n
if j==2
P = (X <= x(1));
Y(P) = a(1)+b(1) - *(X(P)-x(1)) +c(1)-*(X(P)-x(1))."2 +d(1).-*(X(P)-x(1))."3;
else %J>2 && J <=n
P=(X >x(J-1) & X <=x(J));
Y(P) = a(J—l)+b(J 1) *(X(P)-xA-1))+c(-1) . *(X(P)-x(J-1)) .72
+d(- 1) *XPY)-xG-1)).7»

(X>X(n))

Y(P) = a(m)+b(n) . *(X(P)-x(n)) +c(n).*(X(P)-x(n)) .72 +d(n).*(X(P)-x(n))."3;

end

% —=—=—=—===

% —=—=—=—===

%Snoopy Data

x1=[1 256 7 8 10 13 17];

y1=[3.0, 3.7, 3.9, 4.2, 5.7, 6.6, 7.1, 6.7, 4.5];
fp10=1. 0

fpln=-0. 67

x2=[17,20, 23 24, 25, 27, 27.7];

y2= 4-5, 7, 6. 1, 5.6, 5. 8, 5.2, 4.1];
fp20=3;

fp2n=-4;

x3=[27.7, 28, 29, 30];

y3=[4.1, 4.3, 4.1,3];

fp30=0. 33

fp3n=-1.5;

%Question 32, page 164

[al,bl,c1l,d1l]=ccs(x1,yl,fpl0O, fpln)
[a2,b2,c2,d2]=ccs(x2,y2,Tp20, fp2n)
[a3,b3,c3,d3]=ccs(x3,y3, fp30, fp3n)

[X1,Y1]=cub2(x1l,al,bl,cl,dl,x1(1),x1(length(x1)));
[X2,Y2]=cub2(x2,a2,b2,c2,d2,x2(1) ,x2(length(x2)));
[X3,Y3]=cub2(x3,a3,b3,c3,d3,x3(1),x3(length(x3)));

subplot(2,1,1)
plot(X1,Y1,X2,Y2,X3,Y3,x1,yl,"*",x2,y2,"*" ,x3,y3,"*");
title("Question 32, page 164%)

%Question 33, page 164

[al,bl,c1,d1]=ncs(x1,yl)
[a2,b2,c2,d2]=ncs(x2,y2)
[a3,b3,c3,d3]=ncs(x3,y3)

[X1,Y1]=cub2(x1l,al,bl,cl,d1l,x1(1),x1(length(x1)));
[X2,Y2]=cub2(x2,a2,b2,c2,d2,x2(1) ,x2(length(x2)));
[X3,Y3]=cub2(x3,a3,b3,c3,d3,x3(1),x3(length(x3)));

subplot(2,1,2)
plot(X1,Y1,X2,Y2,X3,Y3,x1,yl,"*" ,x2,y2,"*" ,x3,y3,"*");
title("Question 33, page 164%)
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>> snoopy

% Question 32

al =

3.0000

bl =

cl =

dl =

a2 =

b2 =

c2 =

dz2 =

a3 =

b3 =

c3 =

d3 =

3.7000

0.4468

-0.2064

0.0266

7.0000

-0.1979

0.0348

-0.0229

4_.3000

0.6614

-1.1574

-9000

.0745

.0326

.3419

-1000

.6085

.1716

.2801

-1000

. 7653

.2693
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4.2000 5.7000

1.0163 1.4091

1.0582 -0.6654

-0.5745 0.1563

5.6000 5.8000

-0.1114 0.1540

0.6688 -0.4034

-0.3574 0.0882
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6.6000

0.5472

-0.1965

0.0239

5.2000

-0.4012

0.1258

-2.5680

7.1000

0.0485

-0.0529

-0.0026

6.7000

-0.3381

-0.0759

0.0057



-3.7994

%Question 33
al =

3.0000

0.7857

cl =

dl =

a2 =

4.5000

b2 =
1.1057

c2 =

dz2 =

-0.0303

a3 =

b3 =

c3 =

0

0.2960

3.7000

0.5286

-0.2571

0.0344

7.0000

0.2885

-0.2724

0.0254

4._.3000

0.5028

-0.8191

.0653

-9000

.0858

.0523

-3335

-1000

.6599

.0437

.2036

-1000

. 7865

.4702
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4.2000 5.7000

1.0194 1.4083

1.0529 -0.6640

-0.5723 0.1557

5.6000 5.8000

-0.1366 0.3061

0.5670 -0.1244

-0.2305 -0.0893
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6.6000

0.5474

-0.1969

0.0241

5.2000

-1.2633

-0.6603

0.3144

7.1000

0.0491

-0.0522

-0.0029

6.7000

-0.3417

-0.0781

0.0065



-0.9102 0.1163 0.1567

>>
% —======

% —======

function q3g4(studno)

seed=studno-200200000
% create data
rand("“seed” ,seed);
X=rand(1,100)*10;

X = sort(X);
rand("seed” ,studno);
Y = rand(1,100)*10-5;

%Question 3
[al,bl,cl,d1l]=ncs(X,Y)
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[X31,Y31]=cub(X,al,bl,c1,d1,0,10);
[X32,Y32]=cub2(X,al,bl,cl,d1,0,10);

subplot(2,1,1)
plot(X31,Y31,X32,Y32,X,Y,"*")

title("Question 3 - Natural Cublic Spline®)

%Question 4
[a2,b2,c2,d2]=ccs(X,Y,1,-2)

[X33,Y33]=cub(X,al,bl,c1,d1,0,10);
[X34,Y34]=cub2(X,al,bl,c1,d1,0,10);

subplot(2,1,2)
plot(X33,Y33,X34,Y34,X,Y,"*")

title("Question 4 - Clamped Cublic Spline~®)

plot(X,Y)
q3g4
al =
Columns 1 through 8
-4.6234 4.1288 2.4608
Columns 9 through 16
0.8600 4.6378 -2.4538
Columns 17 through 24
-1.3032 -3.5263 3.0699
Columns 25 through 32
-3.6389 0.7993 4.6239
Columns 33 through 40
2.3557 1.8128 -2.6105
Columns 41 through 48

-1.0750 2.7515

-0.8088 -3.9299

-3.4906 3.8908

3.6870 -2.2487

4.7179 3.5143
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-4.7182

0.6892

3.3445

-3.6700

-4.8415

1.2358

3.2472

0.1933

-1.7973

-0.9102

-0.7068

-3.5248

-0.9944

2.7198

2.8537



2.1909 2.9866  -3.

Columns 49 through 56

-4.6241 2.5188 4.

Columns 57 through 64

-4.2156 -0.8225 -3.

Columns 65 through 72

0.2420 -3.3686 3.

Columns 73 through 80

-0.3527 2.9873 -2.

Columns 81 through 88

-2.7043 -1.4561 -3.

Columns 89 through 96

4.1932 -4.3778 2.

Columns 97 through 99

-4.5669 3.6457 3.

bl =

Columns 1 through 8

118.3838 55.8134 -132.

Columns 9 through 16

65.2069 11.4344 -24.

Columns 17 through 24

-59.6822 8.6446 -122.

Columns 25 through 32

587.2257 591.1484 -111.

Columns 33 through 40

-9.8018 -51.2100 73.

Columns 41 through 48

-4_.2953 -55.3803 -55.

Columns 49 through 56

-44.0183 467.3603 488.

Columns 57 through 64

5987

0444

2833

2726

6019

3688

0047

9088

6036

6110

5745

6448

7614

7375

2258
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-3.1413 4.7237

3.7659 2.7998

-3.1307 3.0472

2.3965 -2.5580

-0.7105 -1.7941

1.4070 -2.2661

3.5138 -3.4561

226.1066 148.1625

-6.8171 23.4732

-129.9310 114.4501

18.7437 -32.8702

116.7761 -146.0155

62.1033 -27.2773

-47.9816 -18.5561
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1.5302

-2.9489

3.4562

-2.0495

-3.7559

3.8014

2.8157

62.7237

53.5436

-30.1698

5.1277

-78.5425

-75.2666

-36.5660

156.

-62.

-85.

48.

98.

-23.

132.

.8903

.5796

.4044

.0809

.0273

.4814

-9635

0141

3713

5983

5488

8437

1493

3984

-114.

18.

-140.

11.

12.

23.

39.

.9761

4277

.6527

.5055

.6129

.6455

.1823

4723

8777

3189

7304

6610

8016

4251



-128.6444  36.3300
Columns 65 through 72
-438.7083  34.5032
Columns 73 through 80
71.0015 -95.2310
Columns 81 through 88

53.0202
Columns 89 through 96
-136.4266  47.6953
Columns 97 through 99

71.6662

cl =
1.0e+04 *

Columns 1 through 8

0 -0.0697 -0.

Columns 9 through 16
-0.0144
Columns 17 through 24
-0.1600
Columns 25 through 32
1.1400
Columns 33 through 40
0.0380
Columns 41 through 48
0.0313
Columns 49 through 56
-0.0094
Columns 57 through 64
0.2906
Columns 65 through 72
-0.5688

-18.

9.5101 0.

27.8607 10.

-0.0469 0.

0.3368 -0.

-1.0855 0.

-0.1921 0.

-0.0529 0.

0.9018 -0.

-0.1383 0.

4.5468 -2.

4467

-3092

.2432

7591

.8971

7775

1957

0299

4766

2721

3565

0525

2401

0808

6350

14.4404

-200.4502

-12.9776

-87.3846

-168.3380

-0.0228

-0.0437

-0.2701

-0.0015
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48.1052

0.7534

0.4561

0.0487

0.1017

0.2791
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-26.2289

-95.7370

170.2313

-128.5113

-1.2426

0.0363

-0.1766

0.0188

-0.1975

-0.1116

-0.0252

0.0148

-0.1041

-87.0597

155.2890

-86.0195

135.4733

199.6237

1.0985

-0.0065

0.0563

-0.0015

0.3253

0.0179

0.0134

-0.2219

0.3292

-68.

157.

121.

-112.

-83.

5719

9610

0510

4030

9805

.7823

.0265

.0989

.0458

.0713

.0646

.2640

-2590

.3209

125.

-112

38.

61.

-28.

8994

. 7479

0614

0079

6742

.1488

.0838

-3963

.0866

-0509

-0093

.6440

.1524

.0881



Columns 73
-0.0007
Columns 81
-0.0130
Columns 89
-0.4804
Columns 97

0.0633

1.0e+06 *

through 80

-0.0744 0.

through 88

-0.1161 0.

through 96

0.8253 -0.

through 99

-0.1055 -0.

Columns 1 through 8

-0.0026

-0.0059 0.

Columns 9 through 16

-0.0012
Columns 17
0.0428
Columns 25
-1.0295
Columns 33
-0.0285
Columns 41
-0.0012
Columns 49
0.0530
Columns 57
-0.0132
Columns 65
1.4335
Columns 73
-0.0011

Columns 81

0.0012 -0.

through 24

-0.0289 0.

through 32

0.0524 -0.

through 40

0.0241 -0.

through 48

0.0038 -0.

through 56

-1.2070 0.

through 64

0.0077 -0.

through 72

-1.4266 0.

through 80

0.0078 -0.

through 88

0420

1051

2952

0023

0492

0007

0864

0184

0420

0001

0029

0066

4118

0004
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-0.0252

-0.1587

-1.5079

-0.4175

0.0009

-0.0241

0.0010

0.0043

-0.0038

-0.0110

0.0002

-0.0128

-0.0362

-0.3009

0.4731

1.6680

0.1316

-0.0014

0.0065

-0.0003

0.0330

0.0084

0.0008

-0.0121

0.0179

0.1231
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0.3555

-0.5907

-0.7398

-0.2125

-0.0002

-0.0040

0.0016

-0.0189

0.0025

0.0137

0.0322

-0.0676

-0.0180

-0.

0.

0.

1216

1906

0508

.0727

.0026

.0897

.0049

.0010

.0029

.1237

.0075

.0117

.0024

0.

0.

-0.

0934

2517

0160

.0041

.0079

.0523

-0094

.0032

-0000

-0655

.0177

.0014

.0191



-0.0102 0.0093 -0.

Columns 89 through 96

0.0815 -0.1143 -0.

Columns 97 through 99

-0.0054 0.0217 0.

a2 =

Columns 1 through 8

-4.6234 4.1288 2.

Columns 9 through 16

0.8600 4.6378 -2.

Columns 17 through 24

-1.3032 -3.5263 3.

Columns 25 through 32

-3.6389 0.7993 4.

Columns 33 through 40

2.3557 1.8128 -2.

Columns 41 through 48

2.1909 2.9866 -3.

Columns 49 through 56

-4.6241 2.5188 4.

Columns 57 through 64

-4.2156 -0.8225 -3.

Columns 65 through 72

0.2420 -3.3686 3.

Columns 73 through 80

-0.3527 2.9873 -2.

Columns 81 through 88

-2.7043 -1.4561 -3.

Columns 89 through 96

4.1932 -4.3778 2.

Columns 97 through 99

0053

1873

0001

4608

4538

0699

6239

6105

5987

0444

2833

2726

6019

3688

0047
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0.0257 -0.1200 0.0420 0.

0.4255 -0.2270 0.0640 -0.

-1.0750 2.7515 -4.7182 1.

-0.8088 -3.9299 0.6892 3.

-3.4906 3.8908 3.3445 0.

3.6870 -2.2487 -3.6700 -1.

4.7179 3.5143 -4.8415 -0.

-3.1413 4.7237 1.5302 -1.

3.7659 2.7998 -2.9489 -1.

-3.1307 3.0472 3.4562 -2.

2.3965 -2.5580 -2.0495 4.

-0.7105 -1.7941 -3.7559 4.

1.4070 -2.2661 3.8014 -0.

3.5138 -3.4561 2.8157 2.
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0052

0014

2358

2472

1933

7973

9102

8903

5796

4044

0809

0273

4814

9635

.0283

.0012

.7068

.5248

-9944

.7198

.8537

.9761

4277

.6527

-5055

.6129

.6455

.1823



-4.5669 3.6457 3.

b2 =

Columns 1 through 8

1.0000 83.6428 -139.

Columns 9 through 16

65.2052 11.4350 -24.

Columns 17 through 24

-59.6822 8.6446 -122.

Columns 25 through 32

587.2257 591.1484 -111.

Columns 33 through 40

-9.8018 -51.2100 73.

Columns 41 through 48

-4_.2953 -55.3803 -55.

Columns 49 through 56

-44.0183 467.3603 488.

Columns 57 through 64

-128.6444  36.3300 -18.

Columns 65 through 72

-438.7083 34.5032 355.

Columns 73 through 80

71.0015 -95.2310 -111.

Columns 81 through 88

53.0202 9.5101 0.

Columns 89 through 96

-136.4266  47.6953 220.

Columns 97 through 99

71.8191 27.4216 11.

c2 =
1.0e+04 *

Columns 1 through 8

9088

4291

6112

5745

6448

7614

7375

2258

4467

3092

2432

7591

8971

7663
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226.9144 147.8377

-6.8171 23.4732

-129.9310 114.4501

18.7437 -32.8702

116.7761 -146.0155

62.1033 -27.2773

-47.9816 -18.5561

14.4404  48.1052

-200.4502 -26.2289

-12.9776 -95.7370

-87.3846 170.2313

-168.3381 -128.5111
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62.7841

53.5436

-30.1698

5.1277

-78.5425

-75.2666

-36.5660

-87.0597

155.2890

-86.0195

135.4733

199.6228

155.

-62.

-85.

48.

98.

-23.

132.

-68.

157.

121.

-112.

-83.

9946

3713

5983

5488

8437

1493

3984

5719

9610

0510

4030

9767

-114.

18.

-140.

11.

12.

23.

39.

125.

-112.

38.

61.

-28.

4647

8777

3189

7304

6610

8016

4251

8994

7479

0614

0079

7080



0.2306

-0.1385

-0.

Columns 9 through 16

-0.0144
Columns 17
-0.1600
Columns 25
1.1400
Columns 33
0.0380
Columns 41
0.0313
Columns 49
-0.0094
Columns 57
0.2906
Columns 65
-0.5688
Columns 73
-0.0007
Columns 81
-0.0130
Columns 89
-0.4804
Columns 97

0.0634

1.0e+06 *

Columns 1 through 8

-0.0137

-0.0469
through

0.3368
through
-1.0855
through
-0.1921
through
-0.0529
through

0.9018
through
-0.1383
through

4.5468
through
-0.0744
through
-0.1161
through

0.8253
through
-0.1062

-0.0017

0.

24

-0.

32

40

48

56

64

72

80

88

96

99

0.

Columns 9 through 16

-0.0012

0.0012

-0.

1757

0299

4766

.2721

-3565

.0525

.2401

.0808

.6350

.0420

.1051

.2952

.0074

0477

0007

assign7sol . txt

0.7453 -1.2416

-0.0228 0.0363

0.4561 -0.1766

-0.0437 0.0188

-0.2701

-0.1975

0.0487 -0.1116

0.1017 -0.0252

-0.0015 0.0148

0.2791 -0.1041

-0.0252

-0.3009

-0.1587 0.4731

-1.5079 1.6680

-0.4156 0.1315

0.0009 -0.0014
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1.0982

-0.0065

0.0563

-0.0015

0.3253

0.0179

0.0134

-0.2219

0.3292

0.3555

-0.5907

-0.7398

-0.2125

-0.0002

0.

0.

.7822

.0265

.0989

.0458

.0713

.0646

.2640

-2590

.3209

.1216

.1906

.0508

0727

0026

-0.

-0.

-1488

.0838

-3963

.0866

-0509

-0093

.6440

.1524

.0881

.0934

.2517

-0160

0041

0079



assign7sol . txt

Columns 17 through 24

0.0428 -0.0289 0.0864 -0.0241
Columns 25 through 32

-1.0295 0.0524 -0.0184 0.0010
Columns 33 through 40

-0.0285 0.0241 -0.0420 0.0043
Columns 41 through 48

-0.0012 0.0038 -0.0001 -0.0038
Columns 49 through 56

0.0530 -1.2070 0.0029 -0.0110
Columns 57 through 64

-0.0132 0.0077 -0.0066 0.0002
Columns 65 through 72

1.4335 -1.4266 0.4118 -0.0128
Columns 73 through 80

-0.0011 0.0078 -0.0004 -0.0362
Columns 81 through 88

-0.0102 0.0093 -0.0053 0.0257
Columns 89 through 96

0.0815 -0.1143 -0.1873 0.4255
Columns 97 through 99

-0.0054 0.0239 -0.0011

% —=—=—=—===

% —=—=—=—===

function int=a7q5(n)

% values from zero to 2
% values from zero to 1

x=2*rand(1,n);
y=rand(1,n);
area = 2*1;

K = (y <= (sin(x)+cos(x))."3 /4);
int = area*sum(K)/length(K);

% —======

% —======

function int=a7q6(n)

0.0065

-0.0003

0.0330

0.0084

0.0008

-0.0121

0.0179

0.1231

-0.1200

-0.2270

Page 13

-0.0040

0.0016

-0.0189

0.0025

0.0137

0.0322

-0.0676

-0.0180

0.0420

0.0640

.0897

.0049

.0010

.0029

.1237

.0075

.0117

.0024

.0052

.0014

.0523

-0094

.0032

-0000

-0655

.0177

.0014

.0191

.0283

.0012



assign7sol . txt
x=rand(1,n); % values from zero to 1
y=rand(1,n); % values from zero to 1
K= (y <= exp(-x."2));
int = sum(K)/length(K);

% —======

% —=—=—=—===

function I = a7q7(N,M);
%lnput N - number of repetitions, M - size of the scaled Random Walk
%Output 1 - a vector of length N. Each I1(i) is the area scaled SW

I = zeros(1,N);

for i=1:N
[B,x]=SRW(M); % SRW is a function given to students to compute a scaled SRW.
1(i)=trapz(x,B);

end

% —=—=—=—===

% —======

function I = a7q8(N,M);

%lnput N - number of repetitions, M - size of the scaled Random Walk
%Output 1 - a vector of length N. Each 1(i) is the area of a transformed
% scaled RW

mu=2;
sigma=0.5;

I = zeros(1,N);

for i=1:N
[B,x]=SRW(M); % SRW is a function given to students to compute a scaled SRW.
Z = exp(sigma*B + mu*x);
1(i)=trapz(x,2);

end

Page 14
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