Numerical Analysis using MATLAB                                                                                                                Dr. Auras Khalid

[bookmark: _GoBack]RELATIONAL AND LOGICAL OPERATIONS
We can compare a number with each element in a matrix. Also we can compare pairs of corresponding elements in two matrices of equal dimensions. The result is a matrix of zeros and ones. They return one for TRUE, or zero for FALSE. These operators are:
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Example: If we have a=[1 0 1 0 0 0 1 1]; b=[1 1 0 1 1 0 1 0],  Compute
 
Solution:
>> a= = b  
ans =
     1     0     0     0     0     1     1     0
>> a<=b 
ans =
     1     1     0     1     1     1     1     0
>>~a
ans =
     0     1     0     1     1     1     0     0
>> a & b
ans =
     1     0     0     0     0     0     1     0
>> a & ~b
ans =
     0     0     1     0     0     0     0     1
>> length(a)
ans =  8
Note that the "equal to" relational operator consists of two equal signs (==) (with no space between them), since = is reserved for the assignment operator.
Some Important Built-In Functions
	A=input('what is A')
	Ask the user to insert a number

	pause
	Wait for the user to press a key

	pause(5)
	Wait for 5 seconds

	max(A)
	Execute the maximum values of A

	min(A)
	Execute the minimum values of A

	display(A)
	Suppose A=5. This would print "A=5"

	disp(A)
	Same as above but without "A="

	break
	Terminate execution of WHILE or FOR loop.

	%
	Write a comment or remark 




Example: 
 Request a numeric input, then multiply the input by 10.
x=input('input value x=');
y=x*10

disp (Display value of variable)
disp(X) displays the value of variable X without printing the variable name. Another way to display a variable is to type its name, which displays a leading “X =” before the value.
Example: Create to display two variables one with numbers and another with text
 >>A = [15 150];
>>S = 'GOOD MORNING';
>>B=[15  150  300];
>> disp(A)   
>>    15   150    
>> display(A)  
>>A=[15 150]
>> disp(S)
>> GOOD MORNING
>> disp('B=[15 150  300]')  
>>  B=[15 150  300]     

CONTROL FLOW
MATLAB has four control flow structures: 
1- The "if  ..end" statement.
2- The "for ..end" loop.
3- The "while.. end" loop.
1. The 'if...end' structure
MATLAB supports the variants of "if" construct:
A. if ... end
B. if ... else ... end
C. if ... elseif ... else ... end

A.  The 'if ' structure:
if expression
statements
end
B. The 'if else' structure:
The form is: 
if expression
statement
else statement
end
C. The 'elseif, else' structure:   
Execute statements if condition is true
The simplest form of elseif expression is:
    statements
elseif expression
    statements
else
    statements
end
Example:  Based on the familiar quadratic formula, write three programs to explain the ' if ' statement for each case.
Solution:
1- a=1; b=3;c=2;
d = b^2 - 4*a*c
if d < 0
disp('Warning: discriminant is negative, roots are imaginary');
end
The answer is:
>> d=1
2- a=3; b=1;c=4;
      d = b^2 - 4*a*c
if d < 0
disp('Warning: discriminant is negative, roots are imaginary');
else
disp('Roots are real, but may be repeated')
end
The answer is:
>> d = - 47
Warning: discriminant is negative, roots are imaginary
3- a=3; b=1;c= -3;
d = b^2 - 4*a*c
if d < 0
disp('Warning: discriminant is negative, roots are imaginary');
elseif d == 0
disp('Discriminant is zero, roots are repeated')
else
disp('Roots are real')
end
The answer is:
>> d =   37
Roots are real
The answer: 1     0.80000     0.60000      0.40000      0.20000       0

Example: 
Determine if any chosen value falls within a specified range.
x = 10;
minVal = 2;
maxVal = 6;
if (x >= minVal) && (x <= maxVal)
    disp('Value within specified range.')
elseif (x > maxVal)
    disp('Value exceeds maximum value.')
else
    disp('Value is below minimum value.')
end
>>ans   value exceeds maximum value.
Remark:
IT SHOULD BE NOTED THAT:
· elseif has no space between else and if (one word)
· no semicolon (;) is needed at the end of lines containing if, else, end.
· the end statement is required.
2. The ``for...end'' loop
In the for ... end loop, the execution of a command is repeated at a fixed and predetermined number of times. 
The syntax is:
for variable = expression
statements
end
A simple example of for loop is:
for i=1:5
x=i^2
end
Example:
Step by increments of -0.2 then display the values of v from 1 to 0.
for v = 1.0:-0.2:0.0
   disp(v)
end

Example:
n = 5; A = eye(n);
for j=2:n
for i=1:j-1
A(i,j)=i/j
A(j,i)=i/j
end
end
3. The "while.. end" loop.
while loop to repeat when condition is true
the while structure is:
while expression
    statements
end
Example: Use a while loop to calculate factorial of (10).
>> n = 10;
>>f = n;
>>while n > 1
>>  n = n-1;
>> f = f*n;
>>end
>> disp(f)
The answer:   3628800
ABSOLUTE ERROR
 Example: Evaluate the absolute error, relative error, and percentage error for the approximated solution x=0.97644362738, if you know that x1=0.99889645373


Solution:

>> x=0.97644362738;
>> x1=0.99889645373;
>> e=abs(x1-x)
e =    0.0225
>> format long;
>> e=abs(x1-x)
e = 0.022452826350000
>> r=e/x1
r =
   0.022477631456352
>> p=r*100
p =
   2.247763145635211


SOLUTION OF NONLINEAR EQUATIONS 

Solve the equation at [1,2]respectively using Bisection and False-position methods
1- Bisection Method
clear
%Bisection Method
a=input('a=');
b=input('b=');
tol=input('tolerance=');
kmax=input('kmax=');
display('step a b x yx')
i=1;
ya=a^3+4*a^2-10;
yb=b^3+4*b^2-10;
while i <=kmax
  x=(a+b)/2; 
yx=x^3+4*x^2-10;
output1=[x, yx];
plot(output1,'-*r')
xlabel('x-axis')
ylabel('y=x^3+4*x^2-10')
output=[i, a, b, x, yx];
display(output);
if abs(yx)<tol
display('Bisection method converges');
break;
end
i=i+1;
if sign(yx)~=sign(ya)
b=x; yb=yx;
else
a=x; ya=yx;
end
if i>= kmax
display('solution not found to the desired tolerance')
end
end
Solution:
a=1
b=2
tolerance=0.0001
kmax=13
step a b x yx

output =

  Columns 1 through 4

    1.0000    1.0000    2.0000    1.5000

  Column 5

    2.3750


output =

  Columns 1 through 4

    2.0000    1.0000    1.5000    1.2500

  Column 5

   -1.7969


output =

  Columns 1 through 4

    3.0000    1.2500    1.5000    1.3750

  Column 5

    0.1621


output =

  Columns 1 through 4

    4.0000    1.2500    1.3750    1.3125

  Column 5

   -0.8484


output =

  Columns 1 through 4

    5.0000    1.3125    1.3750    1.3438

  Column 5

   -0.3510


output =

  Columns 1 through 4

    6.0000    1.3438    1.3750    1.3594

  Column 5

   -0.0964


output =

  Columns 1 through 4

    7.0000    1.3594    1.3750    1.3672

  Column 5

    0.0324


output =

  Columns 1 through 4

    8.0000    1.3594    1.3672    1.3633

  Column 5

   -0.0321


output =

  Columns 1 through 4

    9.0000    1.3633    1.3672    1.3652

  Column 5

    0.0001

Bisection method converges
2- False –Position Method
clear
%False-Position Method
a=input('a=');
b=input('b=');
tol=input('tolerance=');
kmax=input('kmax=');
display('step a b x yx')
i=1;
ya=a^3+4*a^2-10;
yb=b^3+4*b^2-10;
while i <=kmax
x=(a*yb-b*ya)/(yb-ya);
yx=x^3+4*x^2-10;
output1=[x, yx];
plot(output1,'-*r')
xlabel('[1,2]')
ylabel('yx=x^3+4*x^2-10')
output=[i, a, b, x, yx];
display(output);
if abs(yx)<tol
display('False-position method converges');
break;
end
i=i+1;
if sign(yx)~=sign(ya)
b=x; yb=yx;
else
a=x; ya=yx;
end
if i>= kmax
display('solution not found to the desired tolerance')
end
end
solution:

a=1
b=2
tolerance=0.0001
kmax=13
step a b x yx

output =

  Columns 1 through 2

   1.000000000000000   1.000000000000000

  Columns 3 through 4

   2.000000000000000   1.263157894736842

  Column 5

  -1.602274384020994


output =

  Columns 1 through 2

   2.000000000000000   1.263157894736842

  Columns 3 through 4

   2.000000000000000   1.338827838827839

  Column 5

  -0.430364748004529


output =

  Columns 1 through 2

   3.000000000000000   1.338827838827839

  Columns 3 through 4

   2.000000000000000   1.358546341824779

  Column 5

  -0.110008788474342


output =

  Columns 1 through 2

   4.000000000000000   1.358546341824779

  Columns 3 through 4

   2.000000000000000   1.363547440042090

  Column 5

  -0.027762091001060


output =

  Columns 1 through 2

   5.000000000000000   1.363547440042090

  Columns 3 through 4

   2.000000000000000   1.364807031826780

  Column 5

  -0.006983415401173


output =

  Columns 1 through 2

   6.000000000000000   1.364807031826780

  Columns 3 through 4

   2.000000000000000   1.365123717884378

  Column 5

  -0.001755209032341


output =

  Columns 1 through 2

   7.000000000000000   1.365123717884378

  Columns 3 through 4

   2.000000000000000   1.365203303662600

  Column 5

  -0.000441063010154


output =

  Columns 1 through 2

   8.000000000000000   1.365203303662600

  Columns 3 through 4

   2.000000000000000   1.365223301985543

  Column 5

  -0.000110828133424


output =

  Columns 1 through 2

   9.000000000000000   1.365223301985543

  Columns 3 through 4

   2.000000000000000   1.365228327025519

  Column 5

  -0.000027847984558

False-position method converges


3- Newton-Raphson Method
Example: Solve 
clear
clc
%Newton-Raphson Method
a=input('a=');
tol=input('tolerance=');
kmax=input('kmax=');
disp('step x')
i=1;
while i <=kmax
    f=sin(a)+a^2-1;
    f1=cos(a)+2*a;
    x=a-(f/f1);
    output=[i  x];
    disp(output);
     plot(output, '--b', 'linewidth', .4)
    if abs(x-a)<tol
        disp('Approximated solution found');
        break;
    end
    i=i+1;
    a=x;
    if i>= kmax
        disp('solution not found to the desired tolerance');
    end
end
a=1
tolerance=0.0001
kmax=12
step x
    1.0000    0.6688

    2.0000    0.6371

    3.0000    0.6367

    4.0000    0.6367

Approximated solution found

4- Fixed point iterative method
Example: solve by fixed point method  start with 
clear
clc
%Fixed point Method
a=input('a=');
tol=input('tolerance=');
kmax=input('kmax=');
disp('step x')
i=1;
while i <=kmax
    x=(1+a)^1/4;
    output=[i  x];
    disp(output);
    if abs(x-a)<tol
        disp('Approximated solution found');
        break;
    end
    i=i+1;
    a=x;
    if i>= kmax
        disp('solution not found to the desired tolerance');
    end
end

a=1
tolerance=0.00001
kmax=20
step x
     1     3

    2.0000    1.6667

    3.0000    2.2000

    4.0000    1.9091

    5.0000    2.0476

    6.0000    1.9767

    7.0000    2.0118

    8.0000    1.9942

    9.0000    2.0029

   10.0000    1.9985

   11.0000    2.0007

   12.0000    1.9996

   13.0000    2.0002

   14.0000    1.9999

   15.0000    2.0000

   16.0000    2.0000

   17.0000    2.0000

   18.0000    2.0000

   19.0000    2.0000

Approximated solution found

CHAPTER THREE
SOLUTION OF SYSTEM OF EQUATIONS 
1. Gaussian Elimination Method
clc
%Gaussian elimination method
% n is the number of unknown variables 
n=input('n=')
a= [6 -1 -4 9.3; 1 1 -3 1.9; 1 2 -1 3.8] 
    for i = 1:n-1
    for k=i+1:n
    m(k,i)=-a(k,i)/a(i,i);
     a(k,:)=a(k,:)+m(k,i)*a(i,:);
    end
    a
    end
    %Back substitution
        X(n,1)=a(n,n+1)/a(n,n); 
           for i=n-1:-1:1
        X(i,1)=(a(i,n+1)-a(i,i+1:n)*X(i+1:n,1))/a(i,i);          
    end    
    X
Now to get the result, type at the command window:
>> n=3
a =
    6.0000   -1.0000   -4.0000    9.3000
    1.0000    1.0000   -3.0000    1.9000
    1.0000    2.0000   -1.0000    3.8000
a =

    6.0000   -1.0000   -4.0000    9.3000
         0    1.1667   -2.3333    0.3500
         0    2.1667   -0.3333    2.2500
a =

    6.0000   -1.0000   -4.0000    9.3000
         0    1.1667   -2.3333    0.3500
         0         0    4.0000    1.6000
X =

    2.0000
    1.1000
    0.4000
2. Gauss-Jordan Method
clc
%Gauss Jordan method
% n is the number of unknown variables 
n=input('n=')
a= [2 1 1 2; -1 1 -1 3; 1 2 3 -10]; 
    for i = 1:n-1
    for k=i+1:n
    m(k,i)=-a(k,i)/a(i,i);
     a(k,:)=a(k,:)+m(k,i)*a(i,:);
    end
    a
    end
 for j = n:-1:2
    for r=j-1:-1:1
    m(r,j)=-a(r,j)/a(j,j);
     a(r,:)=a(r,:)+m(r,j)*a(j,:);
    end
    a
 end
           for i=1:n
        X(i)=a(i,n+1)/a(i,i);          
    end    
    X

Now to get the result, type at the command window:
>> n=3
a =
     2     1     1     2
    -1     1    -1     3
     1     2     3   -10
a =
    2.0000    1.0000    1.0000     2.0000
         0         1.5000   -0.5000     4.0000
         0         1.5000    2.5000   -11.0000
a =
    2.0000    1.0000    1.0000     2.0000
         0         1.5000   -0.5000     4.0000
         0            0           3.0000   -15.0000
a =
    2.0000    1.0000         0             7.0000
         0         1.5000         0              1.5000
         0         0                  3.0000   -15.0000
a =
    2.0000         0                  0            6.0000
         0             1.5000         0            1.5000
         0             0               3.0000     -15.0000
X =
     3     1    -5
3. Inverse of A Matrix
clc
%inverse of matrix a
% n is the number of unknown variables
n=input('n=')
a= [4 -9 2 1 0 0; 2 -4 6 0 1 0; 1 -1 3 0 0 1]
for i = 1:n-1
for k=i+1:n
m(k,i)=-a(k,i)/a(i,i);
a(k,:)=a(k,:)+m(k,i)*a(i,:);
end
a
end
for j = n:-1:2
for r=j-1:-1:1
m(r,j)=-a(r,j)/a(j,j);
a(r,:)=a(r,:)+m(r,j)*a(j,:);
end
a
end
z=diag(a)
for i=1:n
for j=1:n+3
a(i,j)=a(i,j)/z(i);
end
end
a

Now type at the command window:
>> n=3

a =
     4    -9     2     1     0     0
     2    -4     6     0     1     0
     1    -1     3     0     0     1
a =
  Columns 1 through 4

    4.0000   -9.0000    2.0000    1.0000
         0    0.5000    5.0000   -0.5000
         0    1.2500    2.5000   -0.2500

  Columns 5 through 6

         0         0
    1.0000         0
         0    1.0000
a =
  Columns 1 through 4

    4.0000   -9.0000    2.0000    1.0000
         0    0.5000    5.0000   -0.5000
         0         0  -10.0000    1.0000

  Columns 5 through 6
         0         0
    1.0000         0
   -2.5000    1.0000
a =
  Columns 1 through 4

    4.0000   -9.0000         0    1.2000
         0    0.5000         0         0
         0         0  -10.0000    1.0000

  Columns 5 through 6

   -0.5000    0.2000
   -0.2500    0.5000
   -2.5000    1.0000
a =

  Columns 1 through 4

    4.0000         0         0    1.2000
         0    0.5000         0         0
         0         0  -10.0000    1.0000

  Columns 5 through 6

   -5.0000    9.2000
   -0.2500    0.5000
   -2.5000    1.0000
z =
    4.0000
    0.5000
  -10.0000
a =
  Columns 1 through 4

    1.0000         0             0       0.3000      -1.2500    2.3000
        0         1.0000         0        0               -0.5000    1.0000
        0              0       1.0000    -0.1000      0.2500   -0.1000
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