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|ntermediate MPIl:Domain
Decomposition

A Tutoria with Exercises

by: Rosalinda de Fainchtein, Ph.D
CSC/NASA GSFC, Code 931

This tutorial was adapted from the class with exercises of the same
name taught to NCCS computer users on May 2001. It constitutes a
second course on MPI after "INTRODUCTION TO MPI: A Tutorid
with Exercises’. (Y ou might want to start with the introductory
tutorial if you are new to MPI programming, or if you would like a
guick review of the proper use of basic MPI routines).

Asyou follow thistutorial, you will explore the basic steps and
concepts involved in using domain decomposition to run your model
or simulation in parallel. Y ou will also get acquainted with and use
MPI_CART routines, the set of MPI routines designed to manage
domain decomposition in your MPI parallel program.

Exercises (and their solutions) are provided for you to practice each
new concept. While you can review the pages of the tutorial
relatively quickly, you will derive the most benefit from it if you
solve the exercises on your own before reviewing their solutions.



Finally, although the examples and exercises are presented using
Fortran programming, C versions are also available, courtesy of Dr.
Hamid Oloso. They are stored both in jsimpson and an anonymous
ftp site on UniTree under the sub-directory "C".
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Domain Decomposition

Domain Decomposition



Question:
How do | code my model in parallel using MPI?

One Answer .

If your code lendsitself toit,

divide the work among the processes through
domain decomposition.

What is Domain Decomposition?
® A parallelization method

® Domain portions are assigned to individual
processes
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A Typical Example- a

A Typical Example

| have a finite difference model on a 64x64x64 cell domain.

It updatesthe arrays.



® rho(1:64,1:64,1:64)
® vel(1:64,1:64,1:64)

| want torun it on a parallel machine on 8 processors.

====> Assign a portion of the domain to each

process.
(8 blocks, 1 block to each processor)

8 processors
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A Typical Example-b




A Typical Example -- cont.

There are many waysto break up the 3D domain into blocks, not
just " cubes'. You should choose the way that best suitsyour
code.

e.g. 8 columns of 3D data. One column to each processor*...

8 blocks as "columns”

8 processors

*This partitioning works well with many codes that have a lot of 1D computation along
the zaxis -- thus requiring no communication with neighboring columns.
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A Typical Example-c




A Typical Example -- cont.

Another way to break up the 3D domain into blocks: " dices"

e.g. 8 dices of 3D data. One sliceto each processor...

8 blocks as "slices™

8 processors
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D. Decomposition: Steps

Domain Decomposition




Steps:

6.

1.

Break up the domain into blocks.

Assign blocksto M Pl -processes one-to-one.

. Write or modify your code so it only updates a

single block.

Providea" map" of neighborsto each process.
| nsert communication subroutine callswhere
needed.

Adjust the boundary conditions code.

Can your codeuse " guard cells'?

Note: For ease of illustration, we will use mostly 1D and 2D examples. The concepts
and techniques extend naturally to 3D, the most common type of parallel application.
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Step 1: Divideinto Blocks




First Step:Break up the Domain

e.g. 4 blocks (2D):

1) e
N I I I I
|| I I I I
| | | | BLOCK | BLOCK |
| e
| | DOMAI N | ----> |- [ |
|| I I I I
| | I I I I
| | | | BLOCK | BLOCK |
|| I | [0,0] | [1,0] I
| I I I I
| ______________________________________

<Semmmmm - - nX-------- > <emmmmmm - >
nx_bl ock

In the code:

rho(nx,ny) --------- > rho(nx_block,ny block)
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Step 2: Distribute Blocks

Second Step:Distribute Blocks

e.g. 4 processes. Assign one block to each of the 4 processes



g
g

N
I
|
I [0, 1] [1,1]
A | =-mmmmmeees |
I
| | BLOCK | BLOCK |
| | [0,0] | [1,0] |
| | | |
- NX---=--===---- >
I
|
\ /
[0, 1] [1, 1] nx_bl ock=nx/2

ny bl ock=ny/ 2

nx_bl ock
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Step 3: Codefor 1 Block




Third Step:Codefor 1 Block

REMEMBER: Each processwill run the same code to updateits

block! Thus,

® Adjust array dimensionsto block size. e.g.:

® Codeexplicitly for specific blocks (i.e. processes) where

rho(nx,ny) --> rho(nx_block,ny_block)

necessary. e.g.
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i f (ny_rank == 0) then

{assign initial data for block [0,0]..

else if (my_rank == 1) then

{assign initial data for block [O,1].

else if (my_rank == 2) then

end if

-}

Step 4: Map of Neighbors




Fourth Step:" Map" of

Neighbors

| am block [i,j] and | need data from my neighbors.

WHO are my neighbors?

=======>"map" of neighboring processesto each process

Bl ock in

Process #12

Bl ock in

Bl ock in

Process #26

Bl ock [i,j]

ny_nei gh_l eft=12
ny_nei gh_ri ght =16
ny_nei gh_bott om=10

nmy_nei gh_top =26
nmy_nei gh_bot | eft=8
et c.
Bl ock in

Bl ock in

Process #16
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Step 4: 1D Example

Fourth Step:" Map" of
Neighbors - cont.

1D Example (internal block):

do i:i,nx_block
rho(i)= ( v(i) - v(i-1) ) *dt/dx
end do

O Need "v(0)" toupdaterho(l).

O v(0) correspondsto v(nx_block) at my neighboring block.
O Fetch v(0) from my neighbor.

O ..but first find out which process holds my neighbor!

MY_NEI GHBOR MY_BLOCK

Proceés 12

|

|

I
. v(nx_bl ock) |
' | \ v(0)

| /

|

__ _r____
-y
o
—~
[HEN
~

l
<
—~
[HEN
~
<
—~
: o
~
~ .
-y
o
—~
N
~
l
<
—~
N
~
1
- < -
—~
[HEN
~



===> ny_neigh |eft=12
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Step 5: Communication Calls

Fifth Step: Communication Calls

® Examinethe code/algorithm.

® Doesthisprocess need data from its neighbor (s)?

® Yes? ==>|nsart communication calls where needed.



® Therearetwo typesof MPI communicationsroutines:

O MPI collectiveroutines (e.g. global average).

O MPI Point to Point routines (see the example below).
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Step 5: 1D Example

Fifth Step: Communication Calls

Example (internal block):



do i =1, nx_bl ock
rho(i)= ( v(i) - v(i-1) ) *dt/dx
end do

O Need "v(0)" toupdaterho(l).
O v(0) correspondsto v(nx_block) at my neighboring block.
O Fetch v(0) from my neighbor.

MY_NEI GHBOR MY_BLOCK

Procesé # = 12 Pr ocess #'= 13

: v( nx_bl ock)

| |

| |

| |

| |

!

| |rho(1)~v(1)v(0) . rho(2)~v(2)-v(1)
| : :

| \ v(0)
|1/
| |
| |
| |
I =nx_Dbl ock I =1 | =2 | =
Pseudocode;
i f (ny_rank==12) call npi_send( v(nx-block),...., 13. ..
I f (nmy_rank==13) then
call nmpi _recv( v(0),........, 12,..... )

do i1 =1, nx_bl ock



end do
end if
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1D Example Pseudocode

Pseaudocode:

Thevery simplified advection code of our example may proceed
asfollows:

1.

2.

6.

| dentify my neighbor’s process (my_neighbor_|eft)
Post an mpi_receive of v(0) from my_neighbor _|eft:

My neighbor _left postsa corresponding mpi_send to me of
v(nx_block)

Update rho(1:nx_block)

do i =1, nx_bl ock
rho(i)=(v(i) - v(i-1) ) *dt/dx
end do

Update v(1:nx_block)

Repeat for next time step -- Return to step 2.
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1D Example:Update all Blocks

Coordinate Update of all Blocks:

All blocks send v(nx_block) to theright, and receive v(0) from the
|eft.

[1-2,]] [i-1,]] [ 1. ] [1+1,]]
| send | | receive | | send | | receive | |
| v(nx_block)--> v(0) | | v(nx_block)--> v(0) ||
I I || || ||
| | send | | receive | | send | ]
| |  v(nx_bl ock) -
| | |

v(nx_bl ock)--> v(0) |
|

call npi _sendrecv( v(nx_block),1,...ny_neighbor _right,...
v(i0), 1,........, nmy_nei ghbor _left,...)

Note:

® Thechoice of dimensioning v(0:nx_block) isarbitrary, a special case of:
v(start_block : start_block+nx_block)
® with start_block=0

....what if my block isat a physical boundary?
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Step 6:Domain Boundaries

Domain Boundaries

What if my block isat a physical boundary?

In addition to " knowing" who its neighbors are, each process
needsto " know" whether any of itsboundariesisin fact a

physical boundary.
Why?

1. Toavoid programming errors.
2. To apply boundary conditions correctly.

We will discussthe two cases.
® Periodic Boundary Conditions

® Non-Periodic Boundary Conditions
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Periodic Bdry. Cond.

Domain Boundaries:



Periodic Boundary Conditions:
The" map" of neighbors should reflect the periodic boundary

conditions.

Proc. O

I I
I I
| I
nmy _nei ghbor | eft
| =12 I
I I

Under periodic boundary conditions, the blocks
at theends aretreated asany other " internal”
block by just defining the correct map of

neighbors:

® For process12, my neighbor_right=0
® For processO, my neighbor_left=12
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Non-Periodic Bdry. Cond.




Domain Boundaries;

On a physical boundary you should:

Non-Periodic Boundaries

1. Avoid sending or receiving data from a non-existent block.

2. Apply boundary conditions.

A smple way to accomplish both tasksis by using the M PI

constant handle;

Let usillustrate with an example:

MPI_PROC_NULL .

e.g. suppose process 12 correspondsto aright boundary block:

—
i
I
8
z



1. Avoid sending (or receiving) data from a bdry.

If (my_rank == 12) &
nmy_nei ghbor _right = MPI _PROC NULL

céll npi _send(...... nmy_nei ghbor _right...)
I'no data is sent by proc. 12*
2. Boundary conditions.... e.g. (Pseudocode)

I f (nmy_neighbor _right == MPI _PROC NULL) &
[ APPLY APPROPRI ATE BOUNDARY CONDI TI ONS ]

* When mpi_send is called with MPI_PROC_NULL asa" destination" argument, the
mpi_send routine does nothing.
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Step 7: Guard Célls

Guard Cdlls;

e What are" Guard Cdlls'?

O Guard cellsarevariables, arrays, or array sections that
are defined with the sole purpose of storing data from a
neighboring block.

e How areguard cellsused?
O They avoid repeated " fetching" of datafrom a



neighboring block, when that data isneeded morethan
once beforeit isupdated by the neighbor.

O They allow for more"tidy" coding, asin our ssimple 1D
advection example:

In our 1D advection example:

do i1 =1, nx_bl ock
rho(i)=(v(i) - v(i-1) ) *dt/dx
end do

MY_NEI GHBOR MY_BLOCK

:v(nx_block)

v(1) .v(2) .v(3) .

v(0) isa guard cell.
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MPI_CART Routines




MPI CART Routines

In principle, you areready towrite your codein parallel using
domain decomposition. Y ou now know the basic issuesto
consider when writing a parallel code using domain
decomposition. Together with basic MPI communication routines
(e.g. mpi_send mpi_recv, etc) you have all the tools you need to
writeyour parallel code.

|f you ask:

Do | haveto design a"” map" of neighborsfor
each process/block?

The answer is. Not Necessarily.

You can use MPI_CART routinesto manage domain
decomposition for you.

Minimal set of routines:
® MPI CART_CREATE

® MPI_CART GET
® MPI_CART_RANK

Very Useful MPI_CART routines;



® MPI_CART SHIFT
® MPI_CART COORDS
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MPI_CART Routines- 2

MPI _CART Routines- 2

How doesit work?

1. MPI_CART_CREATE createsa new communicator with
Cartesian topology according to the programmer’s
specifications.

O (All processesin an existing communicator make an
identical call to MPI_CART_CREATE)

O The new communicator (e.g. comm_cart) " stores' all the
necessary information about the " grid" --- size, shape,
map of processesto blocks,etc. -- in each process.

2. Each process can then access grid infor mation about
comm_cart by calling an assortment of local MPI_CART
routines, e.g.

O MPI_CART_GET



O MPI_CART_RANK
O MPI_CART_SHIFT
O MPI_CART_COORDS

Page 22

MPI_CART Routines- 3

MPI CART Routines- 3

|n other words...

® | start with an existing communicator
(MPI_COMM_WORLD) with n processes.

® | call MPI_CART_CREATE and:

O It logically arrangesthen processes on an
ndims-dimensional Cartesian grid of dimensions:
dims(1:ndims)

O Each process knows the position of all of the processesin
thisCartesian grid.

O Toaccessthisand other Cartesian grid information, a
process needsto call the" inquiring" MPI_CART
routines,
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MPI_CART Routines- 4

MPI CART Routines-- 4

1. Information available through comm_cart on each process,
includes:

O Coordinate parameters* of each process.

O Type of boundaries (periodic or non-periodic).
O Topological dimension of thegrid.

O How many processes in each dimension.

O etc.

2. Information can be accessed by calling:

MPI_CART GET
MPI_CART_RANK
MPI_CART_SHIFT
MPI_CART_COORDS

O OO0O0

*Note that the coor dinate parameter s ar e the coor dinates of each process
on thegrid of processes. Not to be confused with the physical coordinates
of the cellsor grid pointsin the model or ssimulation.
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MPI_CART_CREATE



MPI CART CREATE

MPI_CART_CREATE(comm_old,ndims,dims,periods,rec

comm_cart,ierror)

B comm_old =input communicator (handle)
B ndims=# of dimensions of Cartesian grid (integer)

B dims(ndims) = # of processesin each dimension (int.
array)

B periods=areboundariesperiodic? (logical)

B reorder =ranksmay bereordered (true) or not (false)
(logical)

B comm_cart =communicator with new Cartesian
topology(handle)

M ierror =return error code (integer)

NOTE: Theonly return argument -- other than ierror --is
the handleto the new Cartesian communicator
(comm_cart)!
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MPI_CART_CREATE: An Example

MPI_CART CREATE: An Example

In order to obtain the Cartesian topology for domain
decomposition of our example (4 blocks).

1) e
A | | Proc. 1| Proc. 3
| | | |
| | | | BLOCK | BLOCK
I I I I [0, 1] I [1,1]
| | DOMAI N | ---->|--------- | - - - - -
| ] | | Proc. O | Proc. 2
| | | |
| ] | | BLOCK | BLOCK
| | | [0,0] | [1,0]
I | | | |

<-mmmmm - NX-------- > <-mmmmm - >

nx_bl ock
ndi ms=2

di me(1: ndi ns) =2
periods(1:ndins)=.true.



cal |l MPI _CART_ CREATE(MPI _COVM WORLD, ndi
di ns, periods, . fal ¢
COW CART, i error)
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Other MPI_CART Routines

Other MPI_CART Routines

MPI_CART_CREATE returnsahandle (comm_cart).
Each process can use comm_cart toinquire;

B What aremy coordsin thegrid? ==>
MPI _CART_GET(comm_cart....
MPI_CART_COORDS(comm_cart....

B What arethe coords of any other processin thegrid?
MPI _CART_COORDS(comm_cart....

B Who are my neighbors? ==>
MPI _CART_SHIFT(comm_cart....
MPI _CART_RANK/(comm_cart....

B Number of dimensionsof thegrid (1D,2D,3D..)? ==>
MPI _CARTDIM_GET(comm_cart....

B What arethedimensions of thegrid? ==>
MPI_CART_GET(comm_cart....



H etc.
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MPI_CART_COORDS

Inquiring MPI_CART Routines:
MPI_CART_COORDS

Q:Which block was assigned to process with
rank=some_rank?

A:Call MPI_CART_COORDS and get the block’s
coor dinate parameters.

MPI_CART_COORDS(comm_cart,rank,m
coords,ierror)

B comm_cart =Cartesian communicator (handle)

B rank =rank of processweareinquiring
about(integer)

B maxdims = length of vector coordsin thecalling
program

(integer)



B coords(1:maxdims) = coordinate parameters of thethe
specified
process (integer)

M ierror =return error code (integer)
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MPI_CART_COORDS:IIlustration

MPI_CART_COORDS: Illustration

In our example of a 2D nx x ny domain decomposed into 4
blocks:

1) e
A | | Rank 1 | Rank 3 |
| | | | |
| ] | | BLOCK | BLOCK
. R R
| | DOMAI N | ---->|--------- | --------- |
|| | | Rank 0 | Rank 2 |
| | | | |
| ] | | BLOCK | BLOCK
| | | (0,00 | [1,0] |
I | | | | |
<-mmmmm- - nX-------- > Cmmmmmma-- >
nx_bl ock

call MPI_CART_COORDS(comm_cart,....rank=0,..) ==> coords(1:2) = 0,0



call MPI_CART_COORDS(comm_cart,....rank=1,..) ==> coords(1:2) = 0,1

call MPI_CART_COORDS(comm_cart,....rank=2,..) ==> coords(1:2) = 1,0

call MPI_CART_COORDS(comm_cart,....rank=3,..) ==> coords(1:2) = 1,1
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MPI_CART_COORDS:Example 1

MPI_CART_COORDS: Example 1

B Createa 2x2 2D Cartesian communicator
(COMM_CART)

B Print out the coordinate parametersof each processin
COMM _CART.

paréneter(ndins:Z)

!--FDM/nahy processes in the global group?
call MPI _COW SI ZE( MPI _COWM WORLD, nunprocs, ierr )

l--Create a Cartesian topol ogy

di ms(1: ndi nB) =2 I 2x2 grid of sub-donains
periods(1l)=.true. ! periodic bdry. cond. along x
periods(2)=.false. ! non-periodic bdry. cond. along y

call MPI _CART_CREATE( MPI _COWM WORLD, ndi ns, &
di s, periods,.false., &
COW _CART, i error)

l --Find and print the coordi nate paraneters of each |
! Cartesi an topol ogy

cal | MPlI _CART_COORDS( COW CART, ny_rank, 2, coords, i
wite(*,*)’ The coords of process ', ny rank,’ are:



B Thecodeaboveisan excerpt from examplel.f0.

B Thefull program can be copied from jssmpson at:
/scr /mpi-class2/examplel.f90.

B |t can also be downloaded by anonymous ftp to
UniTree.

(In this example, each processfinds and printsitsown
coordinate parameters. Keep in mind that any single
process could have printed all the coordinate parameters
-- seeexercise 1)
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MPI_CART_COORDS:Exercisel

MPI_CART COORDS: Exercise 1

B a. Copy and run examplel.f90
You can find it in jssmpson at /scr/mpi-class2, or
It can also be downloaded by anonymous ftp to
UniTree.

Note that each process" produces' itsown coordinate
parametersin the Cartesian group.

Output (if running 4 MPI processes):

j simpson% npirun -np 4 exanpl el
The coords of process 1 are: 0, 1



The coords of process 0 are: 2*0
The coords of process 3 are: 2*1
The coords of process 2 are: 1, O

Note that processes might be assigned different
coor dinate parameter s on different computers.

B b. Modify examplel.fo0 so that process0 " finds' and
printsthe Cartesian parameters of each of the
processesin the Cartesian grid. (Find a solution in
exercisel.fo0 at /scr/mpi-class2, or download it by
anonymous ftp to UniTree.
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Data Decomposition

Defining and Assigning Datato Arrays
after Domain Decomposition

B Supposeyou have a 2D domain of 4x4 cells.

B You want toinitializethearray A(4,4) as some
function of the physical coordinates:
X(4,4)
y(4.4)

eg. A(l,))=x(,)*2+y(i,))**2

B After domain decomposition (e.g. into 4 blocks), you
will need to define local arrays on each block:



X(2,2)

y(2,2)
A(2,2)
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Data Decomposition: Example 2

Defining and Assigning Data to Arrays
after Domain Decomposition: Example 2

Given a 4x4 regular domain of cells, we will do domain
decomposition into 4 processes.

Before decomposition:



dxd Domain

B Thecoordinatearraysare:
X(1:4,))= (0.1, 0.3,0.5,0.7)
y(i,1:4)= (0.1, 0.3, 0.5, 0.7)

B Thecdl sizeisdx=dy=0.2
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Example2 - 1.cont.

Defining and Assigning Datato Arrays
after Domain Decomposition: Example
2-cont.




We choose to decompose the 4x4 domain into 4 blocks as
shown in the figure below:

14 Donain Deconposed 1nto & blocks

4

=4

dy

NX=4
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Example2 - 2.cont.

Defining and Assigning Data to Arrays
after Domain Decomposition: Example 2 -
cont.

After decomposition:



Decompesition inte 4 Blocks

T Block| [0,1] T Block| [1,1]
™ ™
Q.7— Q.7—

0-5—|:|r*||:|:e:55 1 0.5process 3

|
0.1 0.3 0.5 0.

ST

hT Block [0,0] hT Blockl [1,0]
0.3— 0.3
0 1‘|:-r*|-:--31555| 3 01_|:1P|1:u:£!55|2
0.1 0.3 0.5 a.7

B Thecoordinatearraysbecomex(1:2,1:2), y(1:2,1:2)

m x(1:.2,1:2),y(1.2,1:2) aredifferent on each block:

® Block [0,0]:
X(1:2,))=(0.1, 0.3)
y(i,1:2)=(0.1, 0.3)

m Block [0,1]:
X(1:2,))=(0.1, 0.3)
y(i,1:2)=(0.5, 0.7)

W etc.
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Data Decomposition: Exercise 2



Domain Decomposition: Exercise 2.

1. Using examplel.f90 as atemplate, have each process
computeits own physical coordinate* arrays|
X(1:2,1:2),y(1:2,1:2) ].

2. Have each processprint itsprocess#, its Cartesian
coordinate parameters, and itsx and y arrays.

3. Verify your results. Do they correspond to the
previousfigure?

HINT: Definethe physical coordinates of the left-bottom
corner of each processfirst.

I --The physical coordinates of the |eft-bottom cornet
x_corner= float( nx/dinms(1l) * coords(1l) ) * b
y corner= float( ny/dins(2) * coords(2) ) * d

B nx=number of cellsalong x on the whole domain
B ny=number of cellsalongy on the whole domain
B dims(1)=number of blocksalong x

B dims(2)=number of blocksalongy

B coords(1:2)=coord. parameters of thisblock.

SUGGESTION: Usethefollowing output statements:

wite(*,"("nmy rank.=",i12,’, ny coords=[",2i2,]
& x="',4f4.1)"

& nmy_rank, coords, X
wite(*,"("nmy rank.=",i12,", ny coords=[",2i2,"]

& y="',4f4.1)"
& nmy_rank, coords, y




*Do not confuse the physical coordinate arrays (x,y), with the coor dinate
parameter s of each block. The coordinate parametersarea pair of integers
that " locate" the block within the Cartesian grid of blocks. The physical
coordinate arrays (x,y) arethe coordinates of the cellsor pointswhere
physical dataisdefined.
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Output from Exercise 2

Output from Exercise 2.

npirun -np 4 exercise2

nmy rank.= 0, ny coords=[ 0 0] , x= 0.1 0.3 0.1 0.3
ny rank.= 0, ny coords=[ 0 0] , y= 0.1 0.1 0.3 0.3
ny rank.= 2, ny coords=[ 1 0] , x= 0.5 0.7 0.5 0.7
ny rank.= 2, ny coords=[ 1 0] , y= 0.1 0.1 0.3 0.3
my rank.= 1, ny coords=[ 0 1] , x= 0.1 0.3 0.1 0.3
ny rank.= 1, ny coords=[ 0 1] , y= 0.5 0.5 0.7 0.7
ny rank.= 3, ny coords=[ 1 1] , x= 0.5 0.7 0.5 0.7
ny rank.= 3, ny coords=[ 1 1] , y= 0.5 0.50.7 0.7



Decompesition inte 4 Blocks

T Block| [0,1] T Block| [1,1]
™ ™
Q.7— Q.7—

0-5—|:|r*||:|:e:55 1 0.5process 3

| |
0.1 0.3 0.5 0.7
— - — -
x

hT Block [0,0] hT Blockl [1,0]
0.3— 0.3
0 1‘|:-r*|-:--31555| 3 01_|:1P|1:u:£!55|2
0.1 0.3 0.5 0.7
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Solution to Exercise 2

Excer pt from exer cise2.f90

Note that this" solution" isnot unique!

nx=ny=4
di ns( 1) =di ns(2)=2



cal |l MPI _CART_COORDS( COW CART, nmy_rank, 2, coords, ¢

& ierror)
I --The physical coordinates of ny |eft-bottom corner:
dx=0. 2
dy=0. 2

x_corner= float( nx/dinms(1l) * coords(1l) ) * o
y corner= float( ny/dins(2) * coords(2) ) * d

l--Use ny corner coordinates to conpute the cel
I coordinates in ny block

do i1 =1,2
X(1,:)=x_corner+(float(i)-0.5)*dx
end do

do j=1,2
y(:,j)=y_corner+(float(j)-0.5)*dy
end do

(Seethefull program at /scr/mpi-class2/exer cise2.f90 in jsimpson, or use
anonymous ftp to UniTreeto retrieve exercise2.f90)

Page 38

M ore Decomposition Exercises

Exercises 2a-d

Below isalist of the next four exercisesyou will be
working through. In all of them, cell sizesare



dx=dy(=dz)=0.2. To begin (and get some hints), please go
to the next page.

B 2a. Modify exercise2.f90 so it decomposes an 8x8 grid
into 4 blocks (along x and y).

B 2b. Modify exercise2.f90 so it decomposes an 8x8 grid
into 16 blocks (along x and y).

B 2c. Modify exercise2.f90 to do 3D decomposition of a
4x4x4 grid into 8 blocks (along x, y, and 2).

B 2d. Modify exercise2.f90 to do 2D decomposition of a
Ax4x4 grid into 4 blocks (along x and y).
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Exercise 2a

Exercise2a.f90

2a. Modify exercise2.f90 so it decomposes an 8x8 grid into
4 blocks (along x and y).



¢.I 4.3 ¢.% 0.7 0.9 1.1 1.3 1.%

| | | | | | | |
.1 0.3 0.5 0.7 0. 1.1 1.3 1.&

4-
x

HINT: Thegrid of blocksisidentical asthat on exercise 2
(2x2). Only the data on each block will change.

B Array dimension and valuesof x and .

B Valuesof nx and ny

B doloop parameters

B (output format...)

Y ou can check your output against the next page --- notethat theline
order of output coming from different processesis bound to be different.
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Output from Exercise 2a

Output from exer cise2a.f90




npirun -np 4 exercise2a

ny rank.= 3, ny coords=[ 1 1] , x= 0.9 1.1 1.3 1.5 0.
1.50.91.11.31.50.91.11.31.5

my rank.= 2, nmy coords=[ 1 0] , x= 0.9 1.1 1.3 1.5 0.
1.50.91.11.31.50.91.11.31.5

ny rank.= 3, ny coords=[ 1 1] , y= 0.9 0.9 0.9 0.9 1.
1.1 1.31.31.31.31.51.51.51.5

my rank.= 1, my coords=[ 0 1] , x= 0.1 0.3 0.5 0.7 0.
0.70.10.30.50.70.1210.30.50.7

ny rank.= 0, ny coords=[ 0 0] , x= 0.1 0.3 0.50.7 0.
0.70.10.30.50.70.120.30.50.7

my rank.= 2, nmy coords=[ 1 0] , y= 0.1 0.1 0.1 0.1 0.
0.3 0.50.50.50.50.70.70.70.7

ny rank.= 1, ny coords=[ 0 1] , y= 0.9 0.9 0.9 0.9 1.
1.1 1.31.31.31.31.51.51.51.5

my rank.= 0, nmy coords=[ 0 0] , y= 0.1 0.1 0.1 0.1 O.
0.3 0.50.50.50.50.70.70.70.7

STOP (PE 1) executed at line 89 in Fortran routine
STOP (PE 0) executed at line 89 in Fortran routine
STOP (PE 2) executed at line 89 in Fortran routine
STOP (PE 3) executed at line 89 in Fortran routine

] si npson%
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Solution to Exercise 2a

Solution of exer cise2a.fo0

A solution codeisavailable at jssmpson in:

/scr/mpi-class2/exer cise2a.f90,
or by fetching exer cise2a.f90 through anonymousftp to UniTree

Only modifications pertaining to the data in each block

are necessary.

j sinpson% di ff exercise2.f90 exercise2a.f90
22c22

< real x(2,2),y(2,2)

, dx, dy



> real x(4,4),y(4,4),dx,dy

36, 37¢36, 37

< nx=4

< ny:4

> nx=8

> ny=8

67c67

< do i1 =1,2

> do i=1,4

71c71

< do j=1,2

> do j=1,4

78c78

< & x=",44.1)" ) &
> & x="',16f4.1)" ) &
82c82

< & y=",4t4.1)" ) &
> & y=",16f4.1)" ) &
] si npson%
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Exercise 2b

Exercise2b

2b. M odify exercise2.f90 so it decomposes an 8x8 grid into
16 blocks (along x and y).



¢.I 4.3 g.% ¢.7 4.9 I.I 1.3 1.%

| | | | | | | |
.1 p.3 0.5 .7 0.3 1.1 1.3 1.5

4*
X

HINT: Thegrid of blocksislarger than that on exercise 2
(4x4). Thesize of thex and y arraysin each block arethe
same asin exercise2. Thevariablesand arraysthat
changeare:

B Valuesof x and y. -- although you won’t need to make

modifications
B Valuesof nx and ny
B Valuesof array dims
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Output from exer cise2b.f90

Output from exer cise2b.f90

j sinpson% npirun -np 16 exercise2b



ny rank.=12, ny coords=[ 3 0] , x= 1.3 1.5 1.3 1.5
ny rank.=12, ny coords=[ 3 0] , y= 0.1 0.1 0.3 0.3
my rank.=5, ny coords=[ 1 1] , x= 0.5 0.7 0.5 0.7
my rank.= 5, nmy coords=[ 1 1] , y= 0.5 0.5 0.7 0.7
ny rank.= 8, ny coords=[ 2 0] , x= 0.91.10.91.1
ny rank.= 8, ny coords=[ 2 0] , y= 0.1 0.1 0.3 0.3
nmy rank.= 6, ny coords=[ 1 2] , x= 0.5 0.7 0.5 0.7
my rank.= 6, my coords=[ 1 2] , y= 0.90.9 1.1 1.1
ny rank.= 3, ny coords=[ 0 3] , x= 0.1 0.3 0.1 0.3
ny rank.= 3, ny coords=[ 0 3] , y= 1.3 1.3 1.5 1.5
nmy rank.=15, ny coords=[ 3 3] , x= 1.3 1.51.3 1.5
my rank.=15, ny coords=[ 3 3] , y= 1.3 1.3 1.5 1.5
ny rank.=13, ny coords=[ 3 1] , x= 1.3 1.5 1.3 1.5
ny rank.=13, ny coords=[ 3 1]] , y= 0.5 0.50.7 0.7
nmy rank.=10, ny coords=[ 2 2] , x= 0.91.10.91.1
my rank.=10, my coords=[ 2 2] , y= 0.90.9 1.1 1.1
ny rank.= 0, ny coords=[ 0 0] , x= 0.1 0.3 0.1 0.3
ny rank.= 0, ny coords=[ 0 0] , y= 0.1 0.1 0.3 0.3
nmy rank.=14, ny coords=[ 3 2] , x= 1.3 1.51.3 1.5
my rank.=14, nmy coords=[ 3 2] , y= 0.90.9 1.1 1.1
ny rank. =11, ny coords=[ 2 3] , x= 0.9 1.1 0.9 1.1
ny rank.= 2, ny coords=[ 0 2] , x= 0.1 0.3 0.1 0.3
nmy rank.=11, ny coords=[ 2 3] , y= 1.3 1.3 1.5 1.5
my rank.= 2, nmy coords=[ 0 2] , y= 0.90.9 1.1 1.1
ny rank.= 4, ny coords=[ 1 0] , x= 0.5 0.7 0.5 0.7
ny rank.= 4, ny coords=[ 1 0] , y= 0.1 0.1 0.3 0.3
my rank.= 1, ny coords=[ 0 1] , x= 0.1 0.3 0.1 0.3
my rank.= 7, my coords=[ 1 3] , x= 0.5 0.7 0.5 0.7
ny rank.= 9, ny coords=[ 2 1] , x= 0.9 1.1 0.9 1.1
ny rank.= 1, ny coords=[ 0 1]] , y= 0.5 0.50.7 0.7
nmy rank.= 7, ny coords=[ 1 3] , y= 1.3 1.3 1.5 1.5
my rank.= 9, ny coords=[ 2 1] , y= 0.5 0.50.7 0.7
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Solution to Exercise 2b

Solution of exercise2b




A solution codeisavailable at jssimpson in: /scr/mpi-class2/exer cise2b.f90
or by fetching exer cise2b.f90 through anonymous ftp to UniTree

Only parameters nx,ny, and dims need to be modified:

JSlnpson@6d|ff exerci se2.f90 exercise2b.f90

I nteger, paraneter :: dins_x=2, dins_y=2 !sal
> I nteger, paraneter :: dins_x=4, dins_y=4 Isal
36, 37¢36, 37
< nx=4
< ny:4
> nx=8
> ny=8
39a40
> ! di ms(1: ndi ns) =(di ns_x, di ns_y) I 2x2 grid «
52a54
>
] si npson%
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Exercise 2¢c
Exercise 2c

2c. Modify exercise2.f90 to do 3D decomposition of a
4x4x4 grid into 8 blocks (along x, y, and z).

HINTS.

B Modify the calling parametersfor
MPI _CART_CREATE tocorrespond toa 3D
decomposition.

B Makethex andy arrays 3 dimensionsal.

B Defineathird array: z=third coordinate.



B Computezfollowingthe stepsfor x and y.
B You will have a 2x2x2 topology of blocks
B Each block (process) will hold 2x2x2 arrays.
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/ 7|

<

Output from Exercise 2¢c

Output from exer cise2c.f90

A solution to exercise2c can befound at

/scr/mpi-class2/exer cise2¢.f90
It can also be downloaded through anonymous ftp to

UniTree

j si npson% npi run -np 8 exercise2c

nmy rank.= 5,

0.5 0.7
ny rank.
0.3 0.3
nmy rank.
0.7 0.7
ny rank.

5
S5,
0

ny coords=[ 1 0 1] ,

, my coords=[ 1 0 1] ,

my coords=[ 1 0 1] ,

, my coords=[ 0 O O] ,

0.50.70.50.7
0.10.10.30.3
0.50.50.50.5
0.10.30.10.3
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Exercise 2d

Exercise 2d

2d. Modify exercise2.f90 to do 2D decomposition of a
Ax4x4 grid into 4 blocks (along x and y).

HINTS:
B Thecalling parametersfor MPI_CART_CREATE

should be the same.

B Makethex and y arrays 3-dimensional -- each
(2x2x4).

B Defineathird array: z=third coordinate.

B Computezfollowingthe stepsfor x and .

B You will have a 2x2 topology of blocks

B Each block (process) will hold 2x2x4 arrays.

/ 7|
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Output from Exercise 2d

Output from exer cise2d.f90

A solution to exercise2d can be found at
/scr/mpi-class2/exer cise2d.f90
It can also be downloaded through anonymousftp to

UniTree.

j sinpson%!!
npirun -np 4
rank. = 2,
7 0.5 0.7
rank. = 2,

oS _oé 9\3 _oé 9\3 _oé 9\3 _oé 9\3 _oé 9\3 _oé

.30.50.5
STOP (PE 3)
STOP ( PE 0)
STOP (PE 1)
STOP ( PE 2)

exerci se2d
nmy coords=[
0.5 0.7 0.5
nmy coords=[
0.3 0.30.1
nmy coords=[
0.5 0.5 0.7
nmy coords=[
0.5 0.7 0.5
coords=|[
1 0.30.1

execut ed at
execut ed at
execut ed at
execut ed at

O0OO0OO0O0O0OO0ORrROO0O0O0OOROOOROROROR

7 0.5 0.
0] , y=
1 0.3 0.
0] , z=
7 0.7 0.
1] , x=
7 0.5 0.
1] , x=
3 0.1 0.
1] , y=
5 0.7 0.
0] , x=
3 0.1 0.
1] , y=
5 0.7 0.
1] , z=
7 0.7 0.
0] , y=
1 0.3 0.
1] , z=
7 0.7 0.

N W N

N W NN W N W N

.7 0.7 0.7

[ine 100 in Fortran
[ine 100 in Fortran
l[ine 100 in Fortran
[ine 100 in Fortran

0] , x= 0.

© o ©o o o o o o o o

0] , z= 0.

21

1

© © © ©o © ©o © © © o o ©°

1

21

© © © ©o © ©o © © © o o ©°

© © © ©o © ©o © © © o o ©°

routi
routi
rout i
routi

© © © ©o © ©o © © © o o ©°

ne
ne
ne
ne
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Communication

Communication within the Cartesian
111 Gridll

Regroup:
B You know how to decompose your datainto a
Cartesian grid of blocks.

B |f you have an embarrassingly parallel program --
wher e processes contain all the data they need in local
memory -- you are done.

B Otherwise, you will need to do inter-block
communication.

Most programsrequireinter-block communications.
When a process heedsto send or receive data from a

neighboring process, thefirst thing needed isto find that
neighbor’srank...
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Finding a Neighbor’s Rank

Finding a Neighbor’s Rank



M | am a processof rank=my_rank
B | need to send/receive data to/from a neighbor.
B Oneway todoit:

1. Figureout my coordinates using:
m MPI_CART_GET,or
®m MPI_CART_COORDS

2. Figure out the coor dinates of the neighbor process
e.q. If my coordsareli,j], my RHS neighbor is
[i+1]]

3. Usethose coordinatesto obtain therank (e.g.
n_rank) of the neighbor.

B MPI CART RANK
(described on the next page)

4. Send/receive the data to/from process with rank
n_rank.
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MPI_CART_RANK

Inquiring MPI_CART Routines:



MPI_CART RANK

Q:What istherank of the process with coordinates
par ameter s=coor ds?
A:Call MPI_CART_RANK and get the process srank.

MPI_CART_RANK (comm_cart,coords,ran

B comm_cart = Cartesilan communicator (handle)

M coords = coordsof processweareinquiring
about(integer array)

B rank =rank of the processwith the specified
coor ds (integer)

B ierror =return error code (integer)

Pag52

MPI_CART_RANK:Example 2

MPI_CART RANK: Example 2




On a 2D Cartesian Grid of 4 Processes, each process finds
therank of itsRHS neighbor (along x).

Excerpts from example2.f90 located at jsimpson in:
/scr/mpi-class2/example2.f90

I --A@ven ny rank (ny_rank), find what ny coords are.
cal | MPI _CART_COORDS( COW CART, ny_rank, ndi ns, <
&coords,ierror)

I--Who is ny RHS nei ghbor?
I Well... Since ny coords. are [coords(1l), coords(2)]
! nmy RHS nei ghbor’s coords are:

r _coords(1l)=coords(1l)+1
r _coords(2)=coords(2)

l--Get its rank (r_rank):
call MPI _CART_RANK(COW CART,r coords, &
& r_rank,ierror)
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Output from Example 2

Output from Example 2

j si npson% npi run -np 4 exanpl e2

my rank= 2 ny coordinates, coords, are 1, O
my_rank= 2 ny RHS neighbor is: O

my_rank= 1 ny coordi nates, coords, are 0, 1
ny_rank= 1 ny RHS neighbor is: 3

my rank= 3 ny coordi nates, coords, are 2*1



my_rank= 0 ny coordi nates, coords, are 2*0
my_rank= 3 ny RHS neighbor is: 1

my_ rank= 0 ny RHS neighbor is: 2

STOP (PE 0) executed at line 80 in Fortran routine
STOP (PE 3) executed at line 80 in Fortran routine
STOP (PE 2) executed at line 80 in Fortran routine
STOP (PE 1) executed at line 80 in Fortran routine

] si npson%
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MPI_CART_RANK:Exercises 3

MPI_CART RANK: Exercise3

Copy and modify example2.f90 to:
B 3a.Find the nearest neighbor along y+ of each process.

Verify your answers. Do they make sense? Notethe
value of periodsin the code.

B 3b.Changethevalue of periods(2) to .false. and rerun
exercise 3a. (The code will break -- do you know
why?)

B 3c.Find the nearest neighbor diagonally along the
(x+,y+) direction (use periods=.true.).
Verify your answers.
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Soln. and output:exercise 3a




Solution of exercise 3a

Modify ther_coordsarray:
B r_coords(1)=coords(l)
B r_coords(2)=coords(2)+1

Output from Exercise 3a

] sinmpson% npirun -np 4 exercise3a

my_rank= 0 ny coordi nates, coords, are 2*0
my rank= 0 ny TOP neighbor is: 1
my_rank= 1 ny coordi nates, coords, are 0, 1
my_ rank= 1 ny TOP neighbor is: O
my_rank= 3 ny coordi nates, coords, are 2*1
my rank= 3 ny TOP neighbor is: 2
my_rank= 2 ny coordi nates, coords, are 1, O
my_rank= 2 ny TOP neighbor is: 3
STOP (PE 2) executed at line 80 in Fortran routine
STOP (PE 3) executed at line 80 in Fortran routine
STOP (PE 0) executed at line 80 in Fortran routine
STOP (PE 1) executed at line 80 in Fortran routine
] si npson%
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Soln. and output:exer cise 3c

Solution to Exercise 3¢

Modify ther _coordsarray:
M r_coords(1l)=coords(1l)+1
B r_coords(2)=coords(2)+1




Output from Exercise 3c

j sinpson% f90 -0 exercise3c exercise3c.f90
j sinmpson% npirun -np 4 exercise3c

my_rank= 2 ny coordi nates, coords, are 1, O
my_ rank= 2 ny TOP-RI GHT nei ghbor is: 1
my_ rank= 0 ny coordi nates, coords, are 2*0
my_rank= 0 ny TOP-RI GAT nei ghbor is: 3
my_rank= 1 ny coordi nates, coords, are 0, 1
my_ rank= 3 ny coordi nates, coords, are 2*1
my rank= 1 ny TOP-RI GHT nei ghbor is: 2
my_rank= 3 ny TOP-RI GHT nei ghbor is: O
STOP (PE 1) executed at line 80 in Fortran routine
STOP (PE 2) executed at line 80 in Fortran routine
STOP (PE 0) executed at line 80 in Fortran routine
STOP (PE 3) executed at line 80 in Fortran routine
] si npson%
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Send-Receive along a Coordinate

Send-Recelve along a
Coordinate Direction

On a 1D domain decomposition*, all processes (blocks)
will be sending v(nx_block) to their neighbor to theright
[x+], and receiving v(0) from their neighbor to the left

[X-].



| send | | receive | | send | | recei ve

| v(nx_block)--> v(0) | | v(nx_block)--> v(0)

| | | | | |

| | | send | | receive | | send

| | | v(nx_block)--> v(0) | | v(nx_I

| | | | | | |

call npi_sendrecv( v(nx_block),1,...... nmy_nei ghbor _ri
v(io), 1,..........., nmy_nei ghbor _| ¢

Each process needsthe dest (my _neighbor_right) and
sour ce (my_neighbor_left) argumentsfor mpi_sendrecv.
How can it get them?
B Option 1. UseMPI_COORDSand MPI_RANK as
explained before.
B (somewhat cumbersome), or

B Option 2: Use MPI_SHIFT:
B get source and dest arguments along a coor dinate
direction with a single subroutine call!

*1n a 2D decomposition, a similar sendrecv exchange would take place
along they coordinate aswell [e.g. v(:,ny_block) --> v(:,0) ].
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MPI_CART_SHIFT

Inquiring MPI_CART Routines:
MPI_CART_SHIFT

Send-Receive Communication along a Cartesian
Coordinate

Usethe MPI_SHIFT routineto obtain the source (e.g.
my_neighbor _left), and the dest (e.g. my_neighbor _right)
argument for the MPI_SENDRECYV call.

MPI_CART_SHIFT(comm_cart,direction,c
rank_source,rank_dest,ierror)

B comm_cart =Cartesian communicator (handle)

B direction = coordinate dimension of shift (integer)
B direction=0 --> shift along " X"
B direction=1--> shift along " y"
W eic.

B disp = displacement (>0: Up shift, <O: Down shift)

(Integer)
B disp=1--> dest=nearest neighbor to the " right" (source=nearest
neighbor to the " left")
B disp=-1--> dest=nearest neighbor to the " left" (source=nearest
neighbor at " right")
B disp=2 --> dest=second nearest neighbor to the " right" .....



W efc.
B rank _source=rank of source process (integer)
B rank _dest = rank of destination process (integer)

M ierror =return error code (integer)
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MPI_CART_SHIFT:Example4

MPI_CART SHIFT: Example4

On a 1D Cartesian grid of 4 blocks. Each block stores 2
cells, and 1 guard cell.
Update guard cell data (vO) for array vel(0:2)

Excerpt from example4.fo0:

paranmeter (ndi ns=1)
di ms( 1: ndi ms) =4

!--Fihd the coordinates of this block
call MPI _CART_COORDS(comm cart, ny_rank,
&ndi ns, coords,ierror)

l --Assign sone values to vel (0:2)
do i =0, 2
vel (i) =float (i +100*coords(1))
end do

l--Find rank of nei ghbors al ong x
di recti on=0 I (al ong x)
di sp=1 l'i nmedi at e nei ghbors



call MPI _CART_SHI FT(comm cart,direction, &
&di sp, source, dest,ierror)

--Send vel (2) to the block to ny right and receive
I vO fromny left
sendt ag=1
recvtag=1
call MPI _SENDRECV(vel (2), 1, MPl _REAL, &
&dest, sendtag, &
&0, 1, &
&VPI _REAL, source, recvtag, &
&comm cart, status,ierror)
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Output from Example 4

Output from Example 4

Copy exampled from /scr/mpi_class2/exampled.fo0 in
jssimpson and run it on 4 pr ocesses.

Y ou can also get example4.f90 through anonymous ftp to
UniTree.

The output should look likethis:

j sinpson% f90 -0 exanpl e4 exanpl e4. f90
j si npson% npirun -np 4 exanpl e4

Process 3 of 4 1is alive
Process 2 of 4 is alive
Process 0 of 4 1is alive
Process 1 of 4 1is alive
my rank= 0 source= 3 dest=1
my_rank= 2 source= 1 dest= 3
my_rank= 3 source= 2 dest=20
my rank= 1 source= 0 dest= 2



MPI _PROC NULL= -1

my coords are: 3 vOo= 202.

my coords are: 2 vO= 102.

my coords are: O vO= 302.

my coords are: 1 vo= 2.

STOP (PE 1) executed at line 84 in Fortran routine

STOP (PE 0) executed at line 84 in Fortran routine

STOP (PE 2) executed at line 84 in Fortran routine

STOP (PE 3) executed at line 84 in Fortran routine
] si npson%
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Exercise 4

Exercise4

M odify example4.f90 to update RHS guard cells.

Hints:
B Get"v3" from RHS neighbor.
B Modify "disp" in MPI_CART _SHIFT

Output from Exer cised:

j sinpson% f90 -0 exercised exercise4.f90
j sinmpson% npirun -np 4 exercise4
Process 3 of 4 is alive
Process 0 of 4 is alive
Process 2 of 4 1is alive
Process 1 of 4 1is alive
my_rank= 3 source= 0 dest= 2
my rank= 0 source= 1 dest= 3



my_rank= 2 source= 3 dest
my _rank= 1 source= 2 dest
my coords are: 3 v3= 1.

my coords are: 2 v3= 301

my coords are: O v3= 101.

my coords are: 1 v3= 201

STOP (PE 1) executed at line 81 in Fortran routine
STOP (PE 2) executed at line 81 in Fortran routine
STOP (PE 3) executed at line 81 in Fortran routine
STOP (PE 0) executed at line 81 in Fortran routine

] si npson%

1
0
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Solution to Exercise 4

Solution to Exercise 4

Excer pt from exer cised.fo0*:

di sp=-1 | MODI FI ED
call MPlI _CART_SHI FT(comm cart, direction, disp, sol
& dest,ierror)

l--Send vel (1) to the block to ny left and receive vi
I ny right -->Mdified
sendt ag=1
recvtag=1
cal | MPI _SENDRECV(vel (1), 1, MPl _REAL, dest, sendt ag, ¢
v3, 1, MPl _REAL, source, recvtag, &
comm cart,status,ierror)

l--Print out the updated v3
wite(*,*)" nmy coords are: ’',coords,’ v3= ', Vv3




*The full code of exer cise4.f90 can be found in jsimpson at
/scr/mpi-class2/exer cise4.f90, or through anonymous ftp
toUniTree
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Exercise 4a

Exercise 4a

Make the following change in example4.f90:
peri ods=. f al se.

And run the program.

B Comparetheoutput you get for vO to the periodic case
of exampled.

B Notehow MPI_PROC_NULL isoutput by
MPI _CART_SHIFT

B Notethe effect of having
sour ce=MPlI _PROC NULL
and
dest =MPI _PROC_NULL

on the physical boundary blocks.
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Output from Exercise 4a

Output from Exercise 4a

Output....

dest =MPI PROC NULL at proc 3
my coords are: 2 vOo= 3.
source=MPI PROC NULL at proc O
my coords are: 3 vOo= 4.

my coords are: O vO= 0. E+0
my coords are: 1 vo= 2.

Page 65

"Echo" MPI_CART Routines

"Echo" MPI CART
Routines

"Echo" routinesinquire about the definition parameters

of a Carteslan communicator, such as:

B ndims: Isthetopology 1D,2D, ...?,

B periods(ndims): periodic?

B dims(ndims): Dimensions along each coor dinate
direction



Therearetwo " echo" routines: MPI_CARTDIM_GET
and MPI_CART_GET.

1.What isthe Number of Dimensionsin the Cartesian
communicator comm_cart?

MPI_CARTDIM_GET(comm_cart, ndims,ierror)

B comm_cart =communicator with Cartesian
topology(handle)

B ndims=# of dimensionsof Cartesian grid (integer)

B ierror =return error code (integer)
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MPI_CART_GET

MPI CART_GET

2.Number of processes and periodicity along each
Cartesian direction. Also, coordinate parametersof the
calling process.

MPI _CART_GET(comm_cart,maxdims, dims,



periods,coords, ierror)
B comm_cart =communicator with Cartesian
topology(handle)

B maxdims = length of vectors dims, periods, coords
(integer)

B dims=# of processesin each dimension (int. array)
B periods=areboundaries periodic? (logical array)
B coords=coordsof calling process (int. array)

M ierror =return error code (integer)
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CONCLUSIONS

CONCLUSIONS

We cover ed the essentials of Domain Decomposition Using
MPI_CART routines:

B What isDomain Decomposition?



B Basicsof a Domain Decomposition Code.

B Using MPI_CART Routinesfor Managing Domain
Decomposition.

B Explained thevarious MPI_CART routines available.

B Examplesand Exercises of Domain Decomposition
into 1D, 2D, 3D Cartesian Topologies of " blocks" .

B 2D Decomposition of a 3D Domain.
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