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subroutine least_squares_line(n,a,b,x,y)
!this subroutine calculates the least squares fit line 
!ax + b to x-y data pairs
real, dimension(:), intent(in) :: x, y
integer, intent(in) :: n
real, intent(out) :: a, b
!local variables
real :: sum_x, sum_y, sum_xy, sum_x_sq
!calculate sums
sum_x = sum(x)
sum_y = sum(y)
sum_xy = dot_product(x, y)
sum_x_sq = dot_product(x, x)
!calculate coefficients of least squares fit line
a = (sum_x*sum_y - n*sum_xy) / (sum_x**2 - n*sum_x_sq)
b = (sum_y - a*sum_x) / n
end subroutine least_squares_line 

9            
10    39.967 
11    39.971 
15    39.979 
17    39.986 
20    39.993 
22    40.000 
25    40.007 
28    40.016 
30    40.022



New Numeric Data Type
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Complex data type

The final intrinsic data type is complex 
which enables the use of complex 
mathematics
Complex variables have a real and an 
imaginary part
Application areas are mainly electrical 
engineering
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Complex data type

Complex type data stores two separate 
real numbers, the first representing the 
real part and the second representing 
the imaginary part    e.g. (x+iy) =(x,y)

complex :: name1, name2
A complex constant  (1.5, 7.3)
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Some intrinsic functions used 
with complex data type

real(z): z is a complex number, delivers the real part of z 
aimag(z): z is a complex number, delivers the imag.  part 
of z 
cmplx(a): a is real , delivers (a, 0.0)

a is integer, delivers (real(a), 0.0)
a is complex, delivers a

cmplx(x,y): delivers complex value real(x), real(y)
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Mixed-mode expressions

Complex numbers can be combined with real 
integers in mixed-mode expressions. Real and 
integers are converted to complex numbers with a 
zero imaginary part.
z1=(x1,y1)    complex number
r    real number
r*z1 =     (r,0.0)*(x1,y1)
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Complex arithmetic example
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Output



Array processing and matrix 
manipulation



E. Sarıöz, 2004

Matrices and 2-D arrays

In mathematics, a matrix is a two-
dimensional rectangular array of 
elements (that obeys to certain rules!)
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F extends the concept of a one-dimensional 
array in a natural manner, by means of the  
“dimension” attribute.

Thus,  to define a two-dimensional array that 
could hold the elements of the matrix   A, we 
would write :

real, dimension ( 3, 4 ) : : A

numbers of rows  numbers of columns

2D Arrays
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Matrices and 2-D arrays

Similarly, a vector is a one-dimensional 
array of elements (that obeys to 
certain rules!)

[ ]4321 AAAA
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2-D arrays
dimension attribute:
real, dimension(3, 4) :: a
logical, dimension(10,4) :: b, c, d
You can refer to a particular element of 
a 2-D array by specifying the row and 
column numbers:

a(2,3)
b(9,3)
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Intrinsic functions
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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          !   [2 3 4]
matrix_a(2,2) = 3
matrix_a(2,3) = 4

!  Set matrix_b as the transpose of matrix_a
matrix_b = transpose(matrix_a)

! Calculate matrix products
matrix_ab = matmul(matrix_a, matrix_b)vector_bc = matmul(matrix_b, vector_c)

end program vectors_and_matrices
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Some basic array concepts...

Rank
number of its dimensions
Examples:
real, dimension(8) :: a
integer, dimension(3, 100, 5) :: b
logical, dimension(2,5,3,100,5) :: c

Rank=1
Rank=3
Rank=5
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Some basic array concepts...

Extent
number of elements in each dimension
Examples:
real, dimension(8) :: a
real, dimension(-4:3) :: b
integer, dimension(3,-50:50,40:44) :: c
integer, dimension(0:2, 101, -1:3) :: d

Extent=8
Extent=8
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Some basic array concepts...

Size
total number of elements
Examples:
real, dimension(8) :: a
integer, dimension(3, 100, 5) :: b

logical, dimension(2,5,4,10,5) :: c

8

1500

2000
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Some basic array concepts...
Shape

Rank
Extent in each dimension

Shape of an array is determined by its rank
and extent of each dimension
Example
logical, dimension(2,-3:3,4,0:9,5) :: c
shape_c = (/ 2,7,4,10,5 /)
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Some basic array concepts...
Array element order
first index of the element specification is varying 
most rapidly, …
Example:
integer, dimension(4,3) :: a
The array element order of arr :

a(1,1), a(2,1), a(3,1),a(4,1),
a(1,2), a(2,2), a(3,2),a(4,2),
a(1,3), a(2,3), a(3,3),a(4,3),
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Array constructors for rank-n
arrays

An array constructor always creates a 
rank-one array of values
The solution to create arrays with rank 
higher than one you use reshape
function:

reshape( (/ (i, i=1,6) /), (/ 2, 3 /) )
produces (2 x 3 ) array such as:









0.60.40.2
0.50.30.1
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Example : The  implied-do loop given 
below provides the following matrix

integer : : i,  j
real, dimension ( 2,2 ) : : a = &
reshape ( (/ (10*i+j, i=1,2 ), j =1,2) /),(/2,2/) )

11  12

21 22

i=1, j=1   a(1,1)=11
i=2, j=1 a(2,1)=21
i=1, j=2 a(1,2)=12
i=2, j=2   a(2,2)=22

OR     reshape ( (/ (11, 21, 12, 22) /),(/2,2/) )
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Array I/O

As a list of individual array elements:
a(1,1), a(4,3), …
As the complete array:
real, dimension(2,4) :: a
print *, a
a(1,1), a(2,1), a(1,2), a(2,2), ...
As an array section

Could be handled in three different ways
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The four classes of arrays

Explicit-shape arrays
Assumed-shape arrays
Allocatable (deferred-shape) arrays
Automatic arrays
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Explicit-shape arrays

Arrays whose index bounds for each 
dimension are specified when the array 
is declared in a type declaration 
statement

real, dimension(35, 0:26, 3) :: a
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Assumed-shape arrays

Only assumed shape arrays can be 
procedure dummy arguments
Extents of such arrays is defined 
implicitly when an actual array is 
associated with an assumed-shape 
dummy argument
subroutine example(a, b)

integer, dimension(:,:), intent(in) :: a
integer, dimension(:), intent(out) :: b
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Automatic arrays
A special type of explicit-shape array
It can only be declared in a procedure
It is not a dummy argument
At least one index bound is not constant
The space for the elements of an automatic 
array is created dynamically when the 
procedure is entered and is removed upon 
exit from the procedure



E. Sarıöz, 2004

Examples for various type arrays

subroutine abc(x)
! Dummy arguments
real, dimension(:), intent(inout):: x ! Assumed shape
! Local variables
real, dimension(size(x)) :: e            !Automatic
real, dimension(size(x), size(x)) :: f   !Automatic
real, dimension(10) :: g                 !Explicit shape
.
.
end subroutine abc
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Allocatable arrays
Allocation and de-allocation of space for 
their elements is completely under user 
control
More flexible: can be defined in main 
programs, procedures and modules
Using this type of arrays is slightly more 
complicated and consists of three steps 
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Allocatable arrays
Steps:

Array is specified in a type declaration 
statement
Space is dynamically allocated for its 
elements in a separate allocation statement 
and the array is used like any other array
If the array has been used and no longer 
required, the space for the elements is de-
allocated by a de-allocation statement
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Allocatable arrays
Declaration

type, allocatable, dimension(:,:,:) :: allocatable array

real, allocatable, dimension(:,:,:) :: my_array

type(person), allocatable, dimension(:) :: personel_list

integer, allocatable, dimension(:,:) :: big_table
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Allocatable arrays
allocate(list_of_array_specs, [stat=status_variable])

It is recommended to include stat=status_variable element in the 
statement. It reports the success of the allocation process

Successful status_variable =0
Not Successful status_variable /= 0
If there is not stat element  and an error arises during the execution 

of the allocation statement the program will fail.

allocate(big_table(0:50000,1:100000), stat=check)
if (check /= 0) then

print *, "No space for big_table"
stop

end if
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De-allocatable arrays
An allocated array is de-allocated, making memory 
space available for other purposes 

deallocate(list_of_currently_allocated_arrays,[stat=statusvariable])

deallocate(my_array, personel_list, big_table)
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Whole-array operations

Whole array operations can be used with 
conformable arrays of any rank

Two arrays are conformable if they have the 
same shape
A scalar, including a constant, is conformable 
with any array
All intrinsic operations are defined between 
conformable arrays
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Whole-array operations

Relational operators follow the same 
rules:
Example:
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Sub-arrays

Array sections can be extracted from a 
parent array of any rank
Using subscript triplet notation:

first_index, last_index, stride
Resulting array section is itself an array
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Sub-arrays
integer, dimension(-2:2, 0:4) :: tablo
2  3  4  5  6
4  5 6 7 8
1  2  3 4 5    tablo(-1:2, 1:3)
6  7 8 9 6
4  4  6  6 8
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integer, dimension(-2:2, 0:4) :: tablo
2  3  4  5  6
4  5  6  7  8
1  2  3  4  5    tablo(2, 1:4)
6  7  8  9  6
4  4  6  6  8

Sub-arrays
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Labwork 1

Weight Length
10       39.967 
11       39.971 
15       39.979 
17       39.986 
20       39.993 
22       40.000 
25       40.007 
28       40.016 
30       40.022

The results obtained from an experiment to calculate 
the Young’s modulus of the material used to make a 
piece of wire are given as follows:

Write a program to calculate the value of Young’s 
modulus by data fitting by least squares approximation
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Module
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Program
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Labwork2
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Output
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Labwork3


