Introduction to Scientific and Engineering Computing    BIL106E (F)


MORE ABOUT NUMERICAL METHODS

(
Reading Assignment: pp: 335-406 and523-586 of your textbook,


Do the self-test exercises.

Integration and Numerical Quadrature

(
A common problem in science and engineering is the need to evaluate the definite integral of a function
. That is, (if the function is f)
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If the function f cannot be integrated analytically, we must turn to numerical techniques (numerical quadrature techniques).

(
A definite integral over a finite interval can be interpreted as the area lying between the curve y=f(x) and the x-axis on the interval [a, b]. The area can be calculated by subdividing the interval [a, b] into n subintervals and summing the areas of these subintervals, as follows:
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where hi is the length of the ith interval.


Complex Variables
(
F contains an intrinsic numeric data type called complex and consisted of two parts- a real part and an imaginary part. 

Declaration of any complex variable:


complex :: name_1,name2,z…


name_1=(1.5,7.5)


name2=(-19.0,2.0e-2)


z=(1.59e4,-12e-1)


real(z)

where z is complex, delivers the real part of z


aimag(z)
where z is complex, delivers the imaginary part of z


cmplx(a)
if a is real, delivers the complex value (a,0.0)




if a is integer, delivers the complex value (real(a),0.0)




if a is complex, delivers the complex value a

cmplx(x,y)
where x and y must be integer or real, delivers the complex value (real(x), real(y))


Example:

program complex_arithmetic


complex::a,b,c


! Read two complex numbers


read “(2f8.3)”,a,b


c=a*b


! Print data items and their product


print “(/,t8,a,2f8.3,a)”, “a=(”,a, “)”


print “(/,t8,a,2f8.3,a)”, “b=(”,b, “)”


print “(/,t6,a,2f8.3,a)”, “a*b=(”,c, “)”


end program complex_arithmetic


Matrix Manipulation
(
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real, dimension(3,4) :: a


logical, dimension(10,4) :: b,c,d


a(3,4)=2.0*a(3,4)+1.0

! Doubles a(3,4) and adds 1 to it.


do i=1,4


! Replace row 1 of a by row 3 of a.


a(1,i)=a(3,i)


! Row 3 is unaltered.


end do


do i=1,3


! Replace column 2 of a by column


a(i,2)=a(i,1)


! 1 of a. Column 1 is unaltered.


end do

(
matmul

Matrix production of two matrices, or a matrix and a vector


dot_product

Scalar (dot) product of two vectors


transpose

Transpose of a matrix


maxval

Maximum value of all the elements of an array, or of all the 

elements along a specified dimension of an array


maxloc

The location in an array where the maximum value first 

occurs


minval


Minimum value of all the elements of an array, or of all the 

elements along a specified dimension of an array


minloc


The location in an array where the minimum value first 

occurs

product
Product of all the elements of an array, or of all the elements along a specified dimension of an array

sum
Sum of all the elements of an array, or of all the elements along a specified dimension of an array

Example:
program vectors_and_matrices

integer, dimension(2,3) :: matrix_a

integer, dimension(3,2) :: matrix_b

integer, dimension(2,2) :: matrix_ab

integer, dimension(2) :: vector_c

integer, dimension(3) :: vector_bc

! Set initial value for vector_c

vector_c=(/1,2/)

! Set initial value for matrix_a

matrix_a(1,1)=1
! matrix_a is the matrix:

matrix_a(1,2)=2

matrix_a(1,3)=3
! [1 2 3]

matrix_a(2,1)=2

matrix_a(2,2)=3

matrix_a(2,3)=4

! Set matrix_b as the transpose of matrix_a

matrix_b=transpose(matrix_a)

! matrix_b is now the matrix:

[1 2]

!


[2 3]

!


[3 4]

! Calculate matrix products

matrix_ab=matmul(matrix_a,matrix_b)

! matrix_ab is now the matrix:
[14 20]

!


[20 29]

vector_bc=matmul(matrix_b,vector_c)

! vector_bc is now the vector:

[5 8 11]

print *, matrix_b

print *, matrix_ab

print *, vector_bc

end program vectors_and_matrices
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