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Scheduling in OpenMP
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Tasking in OpenMP
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The Wavefront method 

First consider a simple two dimensional Fortran 77 form of this 
method. That is,  two dimensional loop nests with a single 
statement inside that assigns to a two dimensional array.

To illustrate this method we draw a graph of the iteration space 
of the loop. Each iteration will be a node in the graph. The graph 
will taked the form of a mesh with equal vertical and horizontal 
separation.

These nodes will be joined by three classes of arcs representing 
races (write-read, read-write, write-write). These arcs (which are 
called dependences) will always flow in the direction of 
execution in the original loop. 

The idea is that a vector form can be obtained by finding a 
collection of parallel lines that are equidistant,  are not parallel to 
any dependence arc, and pass through all the nodes in the 
graph. 
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For example, the loop
do i=1,n

do j=1,n
a(i,j)=a(i-1,j)+1

end do
end do

can be represented by the following graph:

1,1 1,2 1,3 1,4 1,5

2,1 2,2 2,3 2,4 2,5

j
i

i=1, j=1:n

i=2, j=1:n
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From the graph it is clear that for each i there is a vector 
operation in j.
do i=1,n

a(i,1:n)=a(i-1,1:n)+1
end do

A second example:
do i=1,n

do j=1,n
a(i,j)=a(i,j-1)+a(i+1,j+1)+b(i)+c(j)

end do
end do

i=1:n,j=1

i=1:n,j=2

i=1:n,j=3

write after read

read after write
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Now for each j there is a vector operation
do j=1,n

a(1:n,j)=a(1:n,j-1)+a(2:n+1,j+1)+b(i)+c(1:n)
end do

A more complicated case:

do i=2,n
do j=2,n

a(i,j)=a(i,j-1)+a(i-1,j)
end do

end do

i+j=5

2,2 2,3 2,4 2,5 2,6

3,2 3,3 3,4 3,5 3,6

4,2 4,3 4,4 4,5 4,6
i+j=4

i+j=6
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From the equations:

We conclude that:

From where:
do k=4,2*n

forall (i=max(2,k-n):min(n,k-2)) a(i,k-j)=...
end do

2 i n 
2 k i– n 

k 4 5  2n  =

max 2 k n–  i min n k 2–  
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Another complex example:
do i=2,n

do j=2,n
a(i,j)=a(i+1,j-1)+a(i-1,j)+a(i,j-1)

end do
end do

2,2 2,3 2,4 2,5 2,6

3,2 3,3 3,4 3,5 3,6

4,2 4,3 4,4 4,5 4,6

2i+j=6
2i+j=7
2i+j=8
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From the equations:

We conclude that:

From where:
do k=6,3*n

forall (i=max(2,(k-n+1)/2):min(n,(k-2)/2)) a(i,k-j)=...
end do

4 2i 2n 
2 k 2i– n 

k 6 5  3n  =

max 2 k n–
2

----------- 
  i min n k 2–

2
----------- 
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