SIMD LANGUAGE CONSTRUCTS – FORTRAN 90
ARRAYS AND ARRAYS SECTIONS

An array in Fortran 90 is a one or more dimensional collection of scalar array elements

All array elements are of the same type

Each dimension has an extent representing the number of index values in that dimension

The number of dimensions of an array is its rank

Fortran 90 arrays may have rank up to 7

The shape of an array is a one-dimensional array, or vector, of integers, whose extent is the rank of the array and whose i-th element is the extent of the array in the i-th dimension

The size of an array is the product of its extents in all dimensions (times reduction of its shape vector)

A lower bound 
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 are also associated with each dimension i and are related to the extent, 
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. There is an inherent mapping between an array of any shape and a rank-one array of the same size. This mapping is called array element order and assigns the element 
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 of a rank-m array to position,
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in the linear array, where 
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. Because the 1st index varies most rapidly in mapping from an array of rank two to the rank-one array, the ordering is referred to as column major order. 
An intrinsic function allows a rank-one array to be reshaped into an array with any legal shape vector, discarding elements or adding padding elements if the size of the rank-one array does not match to that of the target array

ARRAYS AND ARRAYS SECTIONS (CONT 1)
An array constructor can be used to build a rank-one array from a sequence of scalar values. 

Arbitrary shape arrays are built by using RESHAPE intrinsic function to restructure the rank-one array into an array of any specified shape.

An array constructor has the form

(/ac_value, ac_value,../)

where ac_value is a simple scalar value, an array whose elements are taken in array element order or an implied DO list. 

An implied DO list has the form

(ac_value,..,var=expr1,expr2[,expr3])
where expressions in the list of ac_values may include var. 

Thus, if A is 

1 7

3 9

the array constructor

(/(i-1,i+1,i=2,8,6)/)

produces the vector

[1 3 7 9]

corresponding to A

Implied DO lists may be nested, for example

(/((i**j,i=2,3),j=2,4)/)

constructs the rank-one array
[4 9 8 27 16 81], which correspond to rank-two array

4 8 16

9 27 81

ARRAYS AND ARRAYS SECTIONS (CONT 2)
Fortran 90 uses subscript triplets to flexibly specify array sections:

Lower_bound:upper_bound:stride

which specifies a vector of integers beginning with a lower_bound and proceeding by successive additions of stride to the last value before upper_bound. If stride is positive and lower_bound<upper_bound, the last value is the last integer<= upper_bound, while if stride is negative and lower_bound>upper_bound, it is the last integer >=upper_bound. 

If lower_bound or upper_bound is omitted, its default value is the declared lower or upper bound for the corresponding dimension of the array.

If stride and preceding colon are omitted, the default stride is 1

A subscript triplet consisting of a single : specifies the full set of indices declared for the corresponding dimension of the array.
A vector subscript explicitly specifies a vector of integer subscripts as a rank one integer expression listing the subscript values rather than building the vector from bounds and stride. This form allows a subscript value to appear more than once in the list. An array section having a vector subscript with two or more equal values is called a many-one array section. If the array A is declared  with dimension A(0:51,0:51) then array section A(0:50:2,:) is a 26*52 matrix consisting of even numbered rows of A. 

If V is the vector V=(/(2*(i/2),i=0,51)/), then A(:,V) is a 52*52 many-one array section consisting of two copies of each even numbered column of A.

ARRAY ASSIGNMENT AND ARRAY EXPRESSIONS

Array values may be assigned to arrays or arrays sections of the same shape (should be conformable)
RHS expression is fully evaluated at first, only then assignments of elements in LHS are made

It is clear that the array assignment
A(7:36)=A(1:30)

cannot be simply executed element by element in order of increasing index values and achieve the semantics specified for array assignment

Also, for SIMD machine with 10 processors compiler can’t strip mine assignment in the form:

A(7:16)=A(1:10)

A(17:26)=A(11:20)
!A(11:16) were altered by 1st assignment

A(27:36)=A(21:30)
!similarly for A(21:26)

Vector registers or other temporary storage should be used to achieve the semantics of array assignment

In expressions, scalar operators extend component by component to array

This is also true for scalar intrinsic functions, so if arrays A,B,C have the same shape
C=sin(A+B)

assigns to each element of C the sine of the sum of respective elements of A and B
Broadcast operation of SIMD machines is reflected by allowing using scalars in array expressions

Masking according to data dependent conditionals is represented by

WHERE(mask_expression)array_section=expression

Or

WHERE(mask_expression)

 Array_assignment

 ..

[ELSEWHERE

 Array_assignment

 ..]
END WHERE

Example of scaling columns of two-dimensional array by respective 1st elements not equal to zero:

DO i=1,N-1

 Where(b(0,:).ne.0.0)b(I,:)=b(I,:)/b(0,:)

END Do

FORTRAN 90 INTRINSIC FUNCTIONS

Return array properties:

SHAPE(array)

return vector of extents in each dimension

SIZE(array[,dim])

return size of array or extent in a given dimension

Lbound(array[,dim])
return vector of lower bounds or the lower bound in a given dimension
Ubound(array[,dim])
return vector of upper bounds or the upper bound in a given dimension

Reorder array elements:
Used http://www.nas.nasa.gov/Groups/SciCon/Tutorials/F90.Intrinsics/F90.INTR:
FORTRAN 90 INTRINSIC FUNCTIONS (CONT 1)
RESHAPE([SOURCE=] source,[SHAPE=] shape [,[PAD=] pad] [,[ORDER=] order])    Constructs an array of a specified shape.
source May be of any type. It must be array valued. If pad is absent or of size zero, the size of source must be greater than or equal to PRODUCT(shape). The size of the result is the product of the values of the elements of shape.

shape Must be an integer, of rank one, and of constant size. Its size must be positive and less than 8. It must not have an element whose value is negative.

pad Must be of the same type as source. It must be array valued.
order Must be of type integer. It must have the same shape as shape, and its value must be a permutation of (1,2,...,n), where n is the size of shape.
If absent, the default order is (1,2,...,n). Can be used to change the order in which data is reshaped (permutation of shape dimensions).
From http://www.nsc.liu.se/~boein/f77to90/a5.html#section17 
! PROGRAM TO TEST THE OPTIONAL ARGUMENTS TO RESHAPE

  INTERFACE

     SUBROUTINE WRITE_MATRIX(A)

         REAL, DIMENSION(:,:) :: A

     END SUBROUTINE  WRITE_MATRIX

  END INTERFACE

REAL, DIMENSION(1:9)::B=(/ 11, 12, 13, 14, 15, 16, 17, 18, 19 /)

REAL, DIMENSION (1:3, 1:3) :: C, D, E

REAL, DIMENSION (1:4, 1:4) :: F, G, H

INTEGER, DIMENSION (1:2) :: ORDER1 = (/ 1, 2 /)

INTEGER, DIMENSION (1:2) :: ORDER2 = (/ 2, 1 /)

REAL, DIMENSION (1:16)::PAD1=(/-1,-2,-3, -4, -5, -6, -7, -8, &

                        -9, -10, -11, -12, -13, -14, -15, -16 /)

  C = RESHAPE( B, (/ 3, 3 /) )

  CALL WRITE_MATRIX(C)

  D = RESHAPE( B, (/ 3, 3 /), ORDER = ORDER1)

  CALL WRITE_MATRIX(D)

  E = RESHAPE( B, (/ 3, 3 /), ORDER = ORDER2)

  CALL WRITE_MATRIX(E)

  F = RESHAPE( B, (/ 4, 4 /), PAD = PAD1)

FORTRAN 90 INTRINSIC FUNCTIONS (CONT 2)
  CALL WRITE_MATRIX(F)

  G = RESHAPE( B, (/ 4, 4 /),PAD = PAD1,ORDER = ORDER1)

  CALL WRITE_MATRIX(G)

  H = RESHAPE( B, (/ 4, 4 /),PAD = PAD1,ORDER = ORDER2)

  CALL WRITE_MATRIX(H)

  END

  SUBROUTINE WRITE_MATRIX(A)

  REAL, DIMENSION(:,:) :: A

  WRITE(*,*)

  DO I = LBOUND(A,1), UBOUND(A,1)

     WRITE(*,*) (A(I,J), J = LBOUND(A,2), UBOUND(A,2))

  END DO

  END SUBROUTINE WRITE_MATRIX

The output from the above program is as follows. 

  11.0000000  14.0000000  17.0000000

  12.0000000  15.0000000  18.0000000

  13.0000000  16.0000000  19.0000000

  11.0000000  14.0000000  17.0000000

  12.0000000  15.0000000  18.0000000

  13.0000000  16.0000000  19.0000000

  11.0000000  12.0000000  13.0000000

  14.0000000  15.0000000  16.0000000

  17.0000000  18.0000000  19.0000000

  11.0000000  15.0000000  19.0000000  -4.0000000

  12.0000000  16.0000000  -1.0000000  -5.0000000

  13.0000000  17.0000000  -2.0000000  -6.0000000

  14.0000000  18.0000000  -3.0000000  -7.0000000

  11.0000000  15.0000000  19.0000000  -4.0000000

  12.0000000  16.0000000  -1.0000000  -5.0000000

  13.0000000  17.0000000  -2.0000000  -6.0000000

  14.0000000  18.0000000  -3.0000000  -7.0000000

FORTRAN 90 INTRINSIC FUNCTIONS (CONT 3)
  11.0000000  12.0000000  13.0000000  14.0000000

  15.0000000  16.0000000  17.0000000  18.0000000

  19.0000000  -1.0000000  -2.0000000  -3.0000000

  -4.0000000  -5.0000000  -6.0000000  -7.0000000

Pack(array, mask[,pad])
forms a vector of values of array selected by true elements of the logical array mask, taking additional from pad if present and longer
   ARRAY

         11.0000000   12.0000000   13.0000000

         21.0000000   22.0000000   23.0000000

   VECTOR

        -11.0000000

        -21.0000000

        -12.0000000

        -22.0000000

        -13.0000000

        -23.0000000

   MASK

          T               F              F

          F               T              F

   PACK(ARRAY, MASK)

         11.0000000

         22.0000000

   PACK(ARRAY, MASK, VECTOR)

         11.0000000

         22.0000000

        -12.0000000

        -22.0000000

        -13.0000000

        -23.0000000

Unpack(vector,mask,field)
replaces elements of array field corresponding to true elements of the conformable array mask with elements of vector in array element order
FORTRAN 90 INTRINSIC FUNCTIONS (CONT 4)
Merge(Tsource,Fsource,mask)
returns an array conformable with Tsource, Fsource, and mask, having elements from Tsource where mask is true and from Fsource where mask is false

Spread(source,dim,ncopies)
replicates array source, ncopies times, along dimension dim to form an array of a rank one more than source

Example from http://software.basnet.by/Methmath/DocFortr/f90www/instric_fortran_90_rus.html 
INTEGER AR1(2,3), AR2 (3,2)

AR1=SPREAD((/1,2,3/),DIM=1,NCOPIES=2)! Return

! 1 2 3

! 1 2 3

AR2= SPREAD((/1,2,3/),2,2) ! Return 
! 1 1

! 2 2

! 3 3

Cshift(array,shift[,dim])
circular shifts elements of all vectors of array along dimension dim (default one) by shift. Positive shift is toward beginning and negative toward end of vector. If ARRAY is a vector the shift is being done in a natural way, if it is an array of a higher rank then the shift is in all sections along the dimension DIM. If DIM is missing it is considered to be 1, in other cases it has to be a scalar integer number between 1 and n (where n equals the rank of ARRAY). The argument SHIFT is a scalar integer or an integer array of rank n-1 and the same shape as the ARRAY, except along the dimension DIM (which is removed because of the lower rank). Different sections can therefore be shifted in various directions and with various numbers of positions.
FORTRAN 90 INTRINSIC FUNCTIONS (CONT 5)
Eoshift(array, shift[,boundary][,dim])
array is shifted end-off along dimension dim with end values filled from boundary, which is either a scalar or an array of rank one less than array. If ARRAY is a vector the shift is being done in a natural way, if it is an array of a higher rank, the shift on all sections is along the dimension DIM. If DIM is missing, it is considered to be 1, in other cases it has to have a scalar integer value between 1 and n (where n equals the rank of ARRAY). The argument SHIFT is a scalar integer if ARRAY has rank 1, in the other case it can be a scalar integer or an integer array of rank n-1 and with the same shape as the array ARRAY except along the dimension DIM (which is removed because of the lower rank).
REAL, DIMENSION(1:6)  :: A = (/ 11.0, 12.0, 13.0, 14.0, &

                                15.0, 16.0 /)

REAL, DIMENSION(1:6)  :: X, Y

WRITE(*,10) A

X = CSHIFT ( A, SHIFT = 2)

WRITE(*,10) X

Y = CSHIFT (A, SHIFT = -2)

WRITE(*,10) Y

X = EOSHIFT ( A, SHIFT = 2)

WRITE(*,10) X

Y = EOSHIFT ( A, SHIFT = -2)

WRITE(*,10) Y

10  FORMAT(1X,6F6.1)

END

       11.0  12.0  13.0   14.0  15.0  16.0

       13.0  14.0  15.0   16.0  11.0  12.0

       15.0  16.0  11.0   12.0  13.0  14.0

       13.0  14.0  15.0   16.0   0.0   0.0

        0.0   0.0  11.0   12.0  13.0  14.0

A simple example of the above two functions in the matrix case follows. I have used here RESHAPE in order to create a suitable matrix to start work with. The program is not reproduced here, only the main statements. 

FORTRAN 90 INTRINSIC FUNCTIONS (CONT 6)
B = (/ 11.0, 12.0, 13.0, 14.0, 15.0, 16.0, 17.0, 18.0, 19.0 /)

  11.0  12.0  13.0   Z = RESHAPE( B,(/3,3/),order=(/2,1/))

  14.0  15.0  16.0

  17.0  18.0  19.0

  17.0  18.0  19.0   X = CSHIFT (Z, SHIFT = 2)

  11.0  12.0  13.0

  14.0  15.0  16.0

  13.0  11.0  12.0   X = CSHIFT ( Z, SHIFT = 2, DIM = 2)

  16.0  14.0  15.0

  19.0  17.0  18.0

  14.0  15.0  16.0   X = CSHIFT (Z, SHIFT = -2)

  17.0  18.0  19.0

  11.0  12.0  13.0

  17.0  18.0  19.0   X = EOSHIFT ( Z, SHIFT = 2)

   0.0   0.0   0.0

   0.0   0.0   0.0

  13.0   0.0   0.0   X = EOSHIFT ( Z, SHIFT = 2, DIM = 2)

  16.0   0.0   0.0

  19.0   0.0   0.0

   0.0   0.0   0.0   X = EOSHIFT ( Z, SHIFT = -2)

   0.0   0.0   0.0

  11.0  12.0  13.0

Transpose(matrix)
transposes the rank two array matrix
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