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e Solving Partial Differential Equations (PDES)
 PDEs solved using discrete domain
» Algebraic equations estimate values of unknowns at the mesh points
* Resolution/Spacing of mesh points determines error
 [nitial Solution and Boundary condition are needed

o Goal of grid adaptivity:

» tracking features much smaller than overall scale of the problem
providing adequate higher spatial and temporal resolution where
needed.




Uniform meshes
High resolution required for handling difficult regions
(discontinuities, steep gradients, shocks, etc.)
Computationally extremely costly

édaptive Mesh Refinement
Start with a coarse grid

[
. Identify regions that need finer resolution
. Superimpose finer sub-grids only on those regions

Increased computational savings over a static grid
approach.

Increased storage savings over a static grid approach.
Complete control of grid resolution, compared to the
fixed resolution of a static grid approach.

AMR makes it feasible to solve problems that are intractable on uniform grid




Leglld Pressure (arg/om™)
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Demo of a Shock wave passing over a step function (wind tunnel with a
step), rendered using the FLASH code.

Courtesy of the

CFD

Astrophysics
Climate Modeling
Turbulence
Mantle Convection
Modeling
Combustion
Biophysics

and many more
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mesh distortion

Courtesy of Dr. Andrea Mignone, University of Turin
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D block structured:

Courtesy of Dr. Andrea Mignone, University of Turin




D block structured:

> data bIOCkS are Created SO Courtesy of Dr. Andrea Mignone, University of Turin
that the same stencil can be
used for all points and no special treatment is required.

High level objects that encapsulate the functionality for AMR and its parallelization are
independent of the details of the physics algorithms and the problem being solved.

Simplifies the process of adding/replacing physics modules as long as they adhere to the
interface requirements.

>



Existing Frameworks

PARAMESH -
http://www.physics.drexel.edu/~olson/paramesh

SAMRAI - https://computation.llnl.gov/casc/SAMRAI/
pdest - hitp://www.p4est.org/

Chombo -
https://commons.lbl.gov/display/chombo/Chombo

and many more




bk melgmon i *All the grid blocks are related to one another

. & as the nodes of a tree.

: 5 *The starting block is called root block, and

""""""""""""""" the blocks with an higher resolution are called
- leaf blocks.

.
‘ :z 7 *When a leaf block is designated for

refinement, it spawns 2 child blocks in 1D, 4

child blocks in 2D or 8 child blocks in 3D, and

the original block is called mother (or parent)

Numbering scheme for child blocks. blOCk.

*These child blocks cover the same physical

line, area or volume as their parent but with

twice the spatial resolution.

*Usually it is helpful to use a particular

numbering algorithm (see next slides).

From Paramesh User Guide
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*Each block has a fixed number of grid points
*Each block can be divided into 2" sub-blocks
*Blocks are distributed between processes
minimizing communications (see next slides)

An Example:

*6 x 4 grid is created on each block
*The numbers assigned to each block
designate the blocks location in the quad-
tree

*The numbers assigned to each block
designate the blocks location in the quad-
tree



Block ordering

*Usually, the most used block ordering algorithm is

Morton (or Z) ordering.
/ ; oIt is particularly useful in order to:
*Optimize the usage of cache memory;

*Optimize ghost cells communications between
process (see next slide);
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nyb + 2 npuard
myb + nopuard + 1
nyb + nguard
|
3
2
i1

w1244 /

nxb+nguord
nxb+nguard+1

nxb + 2 nguard

Indexing scheme for a 2D grid hlock with 2 guard cells
(nguard=2) at each block houndary. Interior cells are
colored red, guard cells are colored blue.

From Paramesh User Guide

Usually, each block is composed by:

sstandard cells

* ghost cells

In Fortran, the indexes starts with 1 and ends
With N or v or 7y + 2%(number of ghost cells)

In C, the indexes starts whit 0 and ends Ny y
orz) * 2*(number of ghost cells) -1



» ghost zones values need

to be filled before integration;

Courtesy of Dr. Andrea Mignone, University of Turin




» ghost zones values need

to be filled before integration;
» Patches at the same level are ...

syncrhonized.

Courtesy of Dr. Andrea Mignone, University of Turin




» ghost zones values need

to be filled before integration;

» Patches at the same level are

syncrhonized,; N

» Physical boundaries are imposec™

externally;

Courtesy of Dr. Andrea Mignone, University of Turin




ghost zones values need
to be filled before
integration,
Patches at the same level are
synchronized;
Physical boundaries are
imposed
externally;
Fine-Coarse and Coarse-Fine
interface need interpolation /
averaging
Integration proceeds as for the
single-grid case

Courtesy of Dr. Andrea Mignone, University of Turin




M Cuard 1 1 1
Cell

Block
Boundary

Non-conservative linear interpolation. The pink histogram and
red circles indicate data on the parent grid block. The dashed
line and empty circles show how linear interpolation would
prolong this data onto a child grid with an even number of
grid cells. The vellow area indicates the misconservation.
Conservative interpolation replaces the point labeled P with
the green circle so thatthe area under the curve is now the
same as the pink shaded area.

When we pass the ghost cells to the adjoining
blocks, if these blocks have different
resolutions we must modify the data.

The most simple (and used) method is the
interpolation method:

If we must pass the ghost cells to a block
with higher resolution we can use the linear
interpolation to artificially increase the
resolution.

If we must pass the ghost cells to a block
with lower resolution we can average the
data in order to have the same resolution.

Pros:

sEasy to implement

oIt is possible to use many different kind of
interpolation (linear, quadratic, and so on)
increasing precision

Cons:
Non-conservative



Passing ghost cells to neighbors blocks

Flux conservation:
It is possible to ensure flux conservation

after the interpolation checking the
equation:
f1A+f A0+ 3 A+ AL =F 1 Ao

Summation of fluxes at shared cell faces on adjoining grid
blocks at different refinement levels. Flux densities are

denoted by f and cell face areas by A.

From Paramesh User Guide




Passing ghost cells to neighbors blocks

Circulation integral control:
It is possible also to check the value of some
physical quantity at the edges of the cells

Edge based data on the shared cell face of adjoining
grid blocks of different refinement level.

From Paramesh User Guide

NOTE: Both these three methods are usable in order
to change the resolution of the blocks.




(a)

(b)

(©)

When we have a non symmetric
computational domain many different
approach can be used. For a rectangular
domain:

*We can have different number of points
per block on x and y directions (dx = dy)
*We can have different number of points
on x and y directions (dx = dy)

*We can use more blocks on the x
directions , and 1 block on x direction
(same resolution on x and y, and more
parallelizable)

If we have more complicate computational
domains, we can always use more blocks in
order to fully cover the whole domain.



How to refine

» fill data, level O
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Courtesy of Dr. Andrea Mignone, University of
Turin




How to refine

» fill data, level O

» find where refinement is —

needed;

Courtesy of Dr. Andrea Mignone, University of
Turin




How to refine

» fill data, level O

» find where refinement is

heeded;

» group cells into patches

according to the “grid efficiency”

Courtesy of Dr. Andrea Mignone, University of
Turin




How to refine

» fill data, level O

» find where refinement is

heeded;

» group cells into patches

according to the “grid efficiency”

» refine and ensure proper nesting

Courtesy of Dr. Andrea Mignone, University of
Turin




How to refine

» fill data, level O

» find where refinement is
nheeded;

» group cells into patches
according to the “grid efficiency”

» refine and ensure proper nesting

efficiency = 0.7

efficiency = 0.9

Courtesy of Dr. Andrea Mignone, University of Turin
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Refinement structure can be

represented using a quad-tree (2D)/
oct-tree (3D)

An important condition in AMR
Refinement levels of neighboring
blocks differ by +1

Note: This is generally true, but
Chombo library allow more than 1
refinement level discrepancy.




Traditional Approach - Parallel Implementations

# =N : A set of blocks assigned to a process
Use space-filling curves for load balancing

!

\\ q , !/ \\\
/ | \
\ | \ \ \
',I II J \
s \
’
’

/ \

’/
/ #° ‘ Ny
S0 Q00
/ ‘ | VO
[ ] / ',’ \
| |
|

¢! 3 'y 5 6

|
LT

\
|
\ I
! |
| I
| I
| |
| |
I !
| |
| |
| I
| !
| |




*Adaptive mesh restructuring: '
»Tree metadata replicated on each process
v'Required memory increases with # of cores
v'"Memory can became a problem if we use
more than 10° cores (and more than 10° boxes)
=l evel-by-level restructuring
=Ripple propagation
=Step needed to propagate restructuring o ,
level of refinement (d)

sLoad Balancing
Memory needed « Number of blocks used
*Time needed « Number of blocks used

Currently for 3D problems with less than 10¢ boxes standard AMR library scales up to few
tens of thousands of cores

*This is a serious problem considering that next generation supercomputers will require the
use of many hundreds of thousands of cores




Improving AMR: Possible strategies

1. Compress tree metadata
*Already implemented in the last versions of CHOMBO, PARAMESH and SAMRAI libraries
2. Rewrite the algorithm for coarse-fine interpolation in order to minimize communications
*Already implemented in the last versions of CHOMBO, PARAMESH libraries
*Using these first two methods it is possible to scale up to 2x10° cores using 107 grid
cells
3. Use a distributed memory version for tree metadata
*Currently Langer at al are working on the implementation of this algorithm on
CHARM++




Some additional information about PARAMESH

*Written in Fortran 90

*Easy to implement on a existing code

*Support many geometries (Cartesian, cylindrical, spherical, from 1D to 3D)

*Refinement levels of neighbouring blocks differ by +1

*Compatible with hdf5 format

*Some simple routine are already written by the authors of the library in order to save the
data and the grid structure into Fortran binary format, and hdf5 format.

sEasy visualization of the results using many external programs (e.g. visit)




Some additional information about CHOMBO

*Written in C

*Easy to implement on a existing code

*Support many geometries (Cartesian, cylindrical, spherical, from 2D to 3D)
*Compatible with hdf5 format

sEasy visualization of the results using many external programs (e.g. visit)




Example: 2D Blast Wave

Problem. Blast Wave
- Cloud Interaction

Base Grid: 128x128

Levels of Refinement:
5 (eq. 4096x4096)

Method. Unsplit PPM

Code. PLUTO +
Chombo Lib

gy tesy of Dr. Andrea Mignone, University of Turin



Example: 3D Rayleigh-Taylor

Problem:
Rayleigh Taylor
Base Grid:
32x64x32
Levels of Refinement:
2 (eq. 128x256x128)
Method:
Unsplit PPM
Code:
PLUTO + Chombo Lib

Courtesy of Dr. Andrea Mignone, University of Turin




Example: 3D INCOMPRESSIBLE FLUID FLOW -
Breaking waves due to a ship's hull.

From Paramesh website. The movie is courtesy of
Douglas Dommeru th (SAIC).




Thank you for attention

o
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Step 1: How to install

*Downolad the source code from:
http://downloads.sourceforge.net/project/paramesh/PARAMESH/paramesh 4.1/paramesh 4
.1.tar.gz
*On PICO use the wget command
sUncompress the source files:
star -xzvf paramesh_4.1.tar.gz
*Enter in the main source directory:
ocd paramesh_4.1
sLoad MPI module:
emodule load autoload intelmpi/5.1.1--binary
*Edit the Makefile.gnu file:
skate Makefile.gnu
Comment row 51 (NAG specific compilation commands)
sUncomment row 58 (Intel specific compilation commands)
«Save and close the file
«Compile the source code:
egmake -f Makefile.gnu




Solwve J e #
Eﬂ[zsy?t] = "'E(a? = @ U(z?y.* t),

in the domain

z| £4,|y| <4
with
£ —1,
with timestep
1 mini Ax®, Ag?)
At = —
11 ®

and 1oitial concitions

100 if [z|<1and |y €1
U[z,y,ﬂ] = { 1.4 ctherwis=

*Our numerical scheme (4-pt centered second order accurate difference method):
u@i,j,t+dt) = U(i,j,t) + dt * A /(dx*dx)
A= U(’+1)J)t) + U("1)J)t) + U(’JJ+1Jt) + U(’)J-1Jt) - 4*U(’:J:t)




Step 3: Create the files

*Preliminary steps:
*Create a subdirectory inside PARAMESH main directory (AMRDIR from now) named
your_tutorial
*Copy the file AMRDIR/templates/amr_main_prog_template.F90 into the current
directory and rename it tutorial.F90
*Copy the file AMRDIR/templates/amr_1blk_bcset_template.F90 into the current
directory and rename it amr_1blk_bcset.F90

mguarral@node066:~/PARAMESH/test/paramesh 4.1/your tutorial - O x

File Edit View Search Terminal Help

mguarral@node@f6.pico: [paramesh 4.1]5%
mguarral@node&b.pico:
mguarral@node@f6.pico:
mguarral@node@&6.pico: X
mguarral@nodef66.pico: B
mguarral@nodef66.pico: B
mguarral@nodeffb.pico: X

[2]

[

[paramesh 4.1]%
[paramesh 4.11%
[paramesh 4.1]%
[paramesh 4.1]%
[paramesh 4.1]%
[paramesh 4.1]5%
mguarral@node@b6.pico: [paramesh 4.1]3%
mguarral@nodeff6.pico: [paramesh 4.1]5%
mguarral@nodedbb.pico: [paramesh 4.1]%
mguarral@node@66.pico: [paramesh 4.1]%

mguarral@node@fb.pico: [paramesh 4.1]%

mguarral@nodeff6.pico: [paramesh 4.1]5%

mguarral@node®66.pico: [paramesh 4.1]% mkdir your tutorial

mguarral@node@66.pico: [paramesh 4.11% cd your tutorial/

mguarral@node®66.pico: [your tutoriall$ cp ../templates/amr main prog template.F9@ tutorial.Foo
mguarral@noded66.pico: [your tuteriall$ cp ../templates/amr 1blk bcset template.F98 amr_1blk bcset.F3@
mguarral@node®66.pico: [your tutoriall$ 1s

amr_1blk becset.F90 tutorial.F9@

mguarral@noded66.pico: [your tutorialls [

(@




*Edit the header file paramesh_preprocessor.fh
ecd to AMRDIR/headers
*Edit paramesh_preprocessor. fh
«If you want to use double precision then define REALS:
#define REALS
Comment out the following preprocessor definitions (none of these features will be used in this example):
l#define VAR_DT
l#define PRED_CORR
l#define EMPTY_CELLS
*Define the preprocessor variable DIAGONALS (used only during the test phase in this case):
#define DIAGONALS
*Set the model dimensionality to 2 by setting
#define N_DIM 2
sLeave CURVILINEAR undefined since we are using cartesian coordinates in the tutorial.
«Comment out the following preprocessor definitions since none of these features will be used in this example.
#define NO_PERMANENT_GUARDCELLS
#define ADVANCE_ALL_LEVELS
*Make the following definitions to set up the case we want to run. In order, these settings establish the grid blocks as 4x4,
allow up to 100 blocks on each processor, establish 1 cell centered variable and 0 cell-face-centered variables, 0 edge-
dentered variables, 0 corner-centered variables, and set 1 layer of guard cells at each block boundary.
#define NX_B 4
#define NY_B 4
#define MAX_BLOCKS 100
#define N_GUARD_CELLS 1
#define N_GUARD_CELLS_WORK 1
#define N_VAR 1
#define N_FACEVAR 0
#define N_VAR_EDGE 0
#define N_VAR_CORN 0
#define N_VAR_WORK 1
#define N_FLUX_VAR 1
#define N_EDGE_VAR 0



Step 4: Modify paramesh_preprocessor.fh
and amr_runtime parameter

s amr_runtime_parameters - Kate
File Edit View Go Bookmarks Sessions Tools Settings Help

. . ° & & » = &
.Ed]t the header f] le “ New C!Ign Back Forward SEE 53%:&5 Cge Undo Fedo
m 0 | maxblocks -
paramesh_preprocessor.fh ; f_—' o &
=2 I p
ocd to AMRDIR/headers g 4 | nxb
. : % ! nyb
*Edit r fot
paramesh_preprocessor. fh : g b
*If you want to use g = e
double precision then g T L N
define REALS: & 1%. nsdasias
N | iface o
#def]ne REAL8 é : m;la%g :f q
*Edit the amr_runtime_parameter & | nbowndaries
file = i
*cd to AMRDIR/ = e ety
*Copy amr_runtime_parameter e B AR
into your_tutorial directory o, S\ ds e
«Edit the file in the o, g
your_tutorial directory fase, ; E?_}E’EZFEZ“:
following this example: m;a{se. ' cunitinesr
s Foacasin
.false. | cylindrical
.false. | spherical
.false. | polar
.false. ! lgingular__line | |
e e
L | output_dir -
ﬂne: 18 Col: 41 I_M| IJNE.|amr_runtime_parameters ;I_
[« | | #Findin Files B Terminal




Step 5: Create the makefile

*Copy the AMRDIR/templates/Makefile.gnu_template file into your_directory
« Edit the file:
* Modify the macro definition MAIN to:
main := tutorial.F90
*Modify the macro definition SOURCES to:
sources := amr_1blk_bcset.F90
*Define the CMD macro to be tutor, ie:
CMD = tutor
ecd back on AMRDIR
*Copy Makefile.gnu into make_tutor.
*Edit the file:
*Replace the character string ‘User_applic’ with 'your_tutorial’, wherever it appears.




Edit the file tutorial.f90:
*The file is divided into a sequence of numbered sections. Comment out all executable lines in
sections 4, 5 and 6.

Edit the file amr_1blk_bcset.F90:
sUncomment the line:
l'if(ibc.eq. ???? ) then
sand its corresponding endif.
*Change the ?7?? in the if statement to any integer less than or equal to -20
sUncomment the line:
I'unk1(:,i,j,k,idest) = ?22?2? |<<<<< USER EDIT
«and replace the right hand side of this line with 0.0




*Build the executable:
gmake -f make_tutor your_tutorial

*Run the executable:
./ tutor

oIf everything went according to plan you should
have generated a short output listing which
concludes with something equivalent to the
following lines (the order in which the blocks
are listed may vary slightly, from one machine
to another):

a

mguarral@node066:~/PARAMESH/test/paramesh_4.1/your_tutorial
File Edit Wiew Search Terminal
mguarral@node®66.pico: [your tutorialls ./tutor

Running on
iteration, no. not moved =
iteration, no. not moved =
pe / blk / blk-coords / blk-sizes

8.

4.

2

2

2.

24

2

P

B@BBB@EBBBGBB@

BBBBBBEBBBBBBB

BBBBBBEBBBBBB@

B@BBB@SBBBBBBG

BBBBBBEBBBBBBB
]

.0000E0000E0E0E

2]

.00000000000000

]

.00000000000000

2]

.00000000000600

]

Rellelelelelofelofelolelole]

]

.00000000000000

2]

.00000000000000

2]

.00B0BREERE0E00

]

.00000000000000

2]

.00000000000000

]

.00000000000000

2]

.006000000EDE00

]

Rellelelelelofelofelolelole]

]

[eleTe[ofe eleleleleloTe o ge]
]
0000E0E0R00000
]

[eleTe el efelateleleTe o]

1

1

2

3

10

11

12

13

i
I

15

16

17

18

19

20

23

Help

processors

0.00000000000DOOEE+000 ©.000000000000B00E+000
.0000000000DERE
.00000000800000
ellelelelefeldlelelole o fe]
.00000000000000
.00000000E00000
.00000000000000
.00000000000000
Aelelelelelefeldlelelole]ofe]
.00000000E0R00E
.00000000B00000
.0000EEPERERORE
.00000000000000
.00000000000000
.00000000800000
.00000000RE0RERE
.00000000000000
.00000000E0R00E
.00000000B00000
.0p0EEEPERERORE
.00000000000000
W lelelelelefelelelelofe e fe]
.00000000000000
.00000000000000
.00000000000000
mellelelelafelalelelte e fe]
.00000000000000
.0000E0REREDERE
.00000000000000
A lolelofelofelelelelofe ofe]
.00000000000000
.00000000000000
.000EEEREEERERE
.0000E0E0EODO0E
.0D00R0R0RODO0D
.0p0EEEPERERORE
.00000000000000
W lelelelelefelelelelofe e fe]
.00000000000000
.00000000000000
.00000000000000
mellelelelafelalelelolelefe]
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]
]

mguarral@noded66.pico: [your tutoriall$ |:|

]
(]

-2.00000000000000

.00000000000000

.0000E0BOB0000A

.0pEEEERERERERE

.000EEEROBE0BRA

pellelelelelelele e ole[ofe)

Relelelelelalelellefole]ofe)

Releleleleleleleleleoleele]

.000EEEROBE0BRA

Rellelelelelelelele ol [ofe)

.000E00B0B00000

.000EE0RERERARE

.0000E0RERO0O0A

melelelelelelelelele[ele[ele]

Relelelelelelelelelefole ok

.0p0EEERERERERE

Rellelelolaelelole[ole[efe]

Rellelelelelelelele ol [ofe)

.000EE0B0B0000A

.000000RERE0ARE

1]




Step 8: Inizializing the solution

scopy the file AMRDIR/templates/amr_initial_soln_template.F90 into the current directory
and rename it amr_initial_soln.F90
sedit /your_tutorial/Makefile.gnu, adding amr_initial_soln.F90 to the macro definition of
source
*Edit amr_initial_soln.F90:
edelete the lines unk(1,i,j,k,lb) = 2?72 and unk(2,i,j,k,lb) = 2?7 the 3 dotted lines that
follow.
sinsert the following lines before the triply nested loop which sets values for unk:
dx = bsize(1,lb)/real(nxb)
dy = bsize(2,lb)/real(nyb)
sreplace the line unk(1,i,j,k,[b) = 727 with the following segment:
unk(1,i,j,k,lb) = 1.0
xi = bnd_box(1,1,lb) + dx*(real(i-nguard0)-.5)
yi = bnd_box(1,2,lb) + dy*(real(j-nguard0)-.5)
if( abs(xi).lt.1.0 .and. abs(yi).lt.1.0) then
unk(1,i,j,k,lb) = 10.0
endif
*Edit tutorial.F90:
suncommenting the call to amr_initial_soln, in SECTION 4.
sinsert the following write statements at the end of SECTION 4.
do lb=1,lnblocks
if(coord(1,lb).eq.1.0.and.coord(2,lb).eq.1.0) then
do j=1,nyb+2*nguard
write(*,50) j,(unk(1,i,j,1,lb),i=1,nxb+2*nguard)
enddo

endif
7.4))



*Remake and run:
cd AMRDIR
gmake -f make_tutor your_tutorial
cd your_tutorial
./ tutor

'YOU have now ]n]t]allzed the SOlUtion array r mguarral@node066:~/PARAMESH/test/paramesh 4.1/your tutorial

1
=

Unk(1 ,:,:,:,:) on all the gr]d blocks of the File Edit View Search Terminal Help
[ 0.0600)) 0.0000 0.0000 0.0000 @.0000 §(6.0000)) (=]

initial grid. As proof, the last six lines of
your output show the data values on the
0.0000 1.0000 1.0000 1.0000 1.0000 0.0000

centered at (1.0,1.0). It should look like o posoll 1 paee 1 asen 1 meen 3 neen |le asan
this: 6 lLo.0e00)) 0.0000 ©.0000  0.0000  0.0000 \0.0000
° imguarralionodedbb.pico: [your tutorialls ||

0.0000(f 1o.0ooe  10.0008  l.ooow  1.0000 § O.0000
0.0000(f 10.0000 16.0008 1.0008 1.00860 § O.0000

LA P L P

Hi

*This block is located at 0 < x<2and 0 <y <

2. It straddles one corner of the high density

region. Notice, the 4x4 block interior has

been initialized with non-zero values and

there is a layer of guard cells surrounding >
the block which are currently all set to 0.0.

*The complete initial state is shown here,

with the block boundaries superimposed in

lack and the grid cells outlined in red:




Step 10: Filling Guardcells

Edit the file tutorial.f90:
eUncomment the 3 executable lines in SECTION 5.
*Move the output code fragment shown below from the end of SECTION 4 to the end of

SECTION 5:
do lb=1,(nblocks
if(coord(1,lb).eq.1.0.and.coord(2,lb).eq.1.0) then
do j=1,nyb+2*nguard
write(*,50) j,(unk(1,i,j,1,lb),i=1,nxb+2*nguard)
enddo
endif

enddo
50 format(1x,i3,6(2x,f7.4))




*Remake and run:
cd AMRDIR
gmake -f make_tutor your_tutorial
cd your_tutorial
./ tutor

*Notice, the guard cell layer has been filled
with the correct data from the neighboring
blocks.

mguarral@node066:~/PARAMESH/test/paramesh 4.1/your tutorial

File Edit View Search Terminal Help
1 (e saea)) 16 86680 16 QAGE AAAA pean (1 _aa06 )]
2 J|10.06000() 10.0000 10.0000 1.0000 1.0000 1.0000
3 j|10.0000() 10.0000 10.60000 1.0080 1.00600 1.0000
4 1.00600 1.0000 1.0000 1.0088 1.00600 1.06000

5 S TATETS! aTalals! CLELEEE CLELELE CLEE ) CLELEL ()

6 L1 nnan) AAAE AAAA ARAA aenn L1 aena )
mguarral@nodeB66.pico: [your tutorial]s ||

=]

4

3]

{11}



Step 12: Constructing a routine to test refinement levels -

*Copy AMRDIR/templates/amr_test_refinement_template.F90 into the local directory and rename it
amr_test_refinement.F90

eedit /your_tutorial/Makefile.gnu, adding amr_test_refinement.F90 to the macro definition of source
*Edit amr_test_refinement.F90, commenting out the call to error_measure and immediately after the call

inserting this simple error measure:
error(:,:,:) = 0.
do k=klw,kuw
do j=jlw+1,juw-1
do i=ilw+1,iuw-1
error1 = abs(work

( 1+ )J)k)lb)1)_Work(i)j)k)lb) ))
error2 = abs(work(i-1,j,k,b,1)-work(i J,k,lb, )
error3 = abs(work(i,j+1, k lb 1)-work(i, ] k,lb,1))
error4 = abs(work(i,j-1, k lb,1)-work(i,j,k,lb,1))
error_num = max( error1 errorZ error3,error4 )
error_den = max( work(i,j,k,lb,1) ,work(i+1,j,k,lb,1), &

work(i-1,j,k,lb,1),work(i,j+1,k,lb,1), &
work(i,j-1,k,lb,1), 1.0e-6)
error(i,j,k) = error_num/error_den

1
1
1

_——

enddo
enddo
enddo

Edit tutorial.F90
sUncomment the call to amr_restrict and the 2 lines preceding it (making sure that the ‘if
(.not.advance_all_levels) then' and corresponding ‘endif' are also uncommented), and uncomment the
calls to amr_test_refinement, amr_refine_derefine, amr_prolong and amr_guard cell in SECTION 6.

*Change lrefine_max in SECTION 3 to allow 1 more level of refinement:
refine_max = 4

Continue.....




Step 12: Constructing a routine to test refinement levels - 2

*Continue in editing tutorial.F90:

eInsert the following lines after the call to amr_test_refinement in SECTION 6:
if(mype.eq.0) write(*,*) ' pe blk refine derefine’, &
"curr.ref.level
call MPI_BARRIER(MPI_COMM_WORLD, ierr)
do |=1,lnblocks
write(*,51) mype,l,refine(l),derefine(l),lrefine(l)
enddo
51 format(1x,i3,2x,i3,2x,18,2x,18,10x,i3)

eInsert the following lines at the end of SECTION 6:
if(mype.eq.0) write(*,*) 'pe / blk / blk-coords / blk-sizes'
call MPI_BARRIER(MPI_COMM_WORLD, ierr)
do |=1,lnblocks

write(*,*) mype,|,(coord(i,l),i=1,ndim), (bsize(j,l),j=1,ndim)
enddo
*Set the number of guard cell layers for ‘work'’ :

*Edit amr_runtime_parameters, defining the variable:

1 ! nguard_work




" mguarral@node066:~/PARAMESH/test/paramesh 4.1fyot _ O X

File Edit View Search Terminal Help
pe blk refine derefine curr.ref.level (&

*Remake and run: 0
cd AMRDIR
gmake -f make_tutor your_tutorial
cd your_tutorial
./ tutor

(= BN R R B - PR N B ]

*The changes that you have just made,
analyzed the error estimate on each existing
grid block, and marked some blocks for
additional refinement. In your new output
there will be a section looking like this (the

order of lines may be slightly different) : heiation; b, eE IS ; ,

iteration, no. not moved =
pe / blk / blk-coords / blk-sizes

(B oI o B - B o B - B B o= B o IO IR O I - - B e I - B - B O ]
=
=
b B e e B e e 1 R R e R R e o e 1 TR B e B v i R R |
He AT A AT A AT A AT A= AT
[PV PR PR S T P YO VRS NSV I U UYL O SUR Y I O R VY

—
(<]

[T

*This is telling you that the test in amr_test_refinement marked blocks 3, 6, 7, 10, 13, 14,
17, and 18 for further refinement.
*However blocks 3, 7, 13, and 17 are parent blocks at level 2 and so their refinement flags
will be ighored.
*Blocks 6, 10, 14 and 18 will be refined. Notice also that blocks 2,4,5,8,9,11,12,15,16,19,20
and 21 have been marked for derefinement.
*However each of these blocks has a sibling which has not been marked for
derefinement ( in fact all their siblings have been marked for refinement ), and so
these particular derefinement choices will be cancelled by PARAMESH.




Step 13: Build & Run - 2

*This is the new positions of the grid
blocks:

eand this is the new structure:

mguarral@node066:~/PARAMESH/test/paramesh_4.1/your_tutorial o x
File Edit View Search Terminal Help
[be 7 blk / blk-coords / blk-sizes [
[¢] a. +000 0. +000 8. g
[¢] 2 -2.00000000800000 -2.08000000060000 4.00000000000800 4.00008000000800
6] 3 -3.00000000800000 -3.08000800060060 2.00000000000800 2.00000000000800
a 4 -1. =35 2, 2.
4] 5 3. =L 2 2.
0] 6 -1. <1 2 2!
0] 7 -1.50000000000000 =}:5 L. L.
2] 885 1.5 1. 1.
[¢] g: -1.5 -0.5 1% 1.
[¢] 18 -0.5 -8.5 1, 1.
6] 11 2.00000000800000 -2.08000800860060 4.00000000000800 4.00000000000800
6] 12 1.00000000000000 -3.08000000000080 2.00000000000800 2.00000000000800
4] 13 3. =34 2 2.
6] 14 3 e 25 2%
0] 15 0.500000000000000 “1:5 L, L.
2] 16 1.5 1. 1. 1.
0] 17 0.5 -8.5 1. 1.
[¢] 18 1.5 -8.5 1, 1,
2] 19 3. -1, 2 2 E
6] 20 -2.00000000000000 2.00000000000800 4.00000000000800 4.00000000000800
4] 21 - 1 2 2.
6] 22 -1 X 24 24
[¢] 23 -1.5 6.5 1. 1.
0] 24 -0.5 8.5 i 1.
0] 1.5 1. 1.
[¢] 1.5 1, 1,
[¢] 3. 2. 2:
4] 3.00000000800800 2.000000006000000 2.000080006000000
4] 2 4. 4.
6] T 25 24
2] 31 0.5 6.5 1. 1.
6] 32 1.5 0.5 1. 1.
0] 33 0.5 1.5 1. 1.
0] 34 1.5 1.5 1. 1.
0] 35: A. 1, 2. 2.
[¢] 36 1.00000000000000 3.00000000000800 2.00000000000800 2.00000000000800
[¢] 37 3.00000000000000 3.00000000000800 2.00000000000800 2.00000000000800
77,1 96% (-]
4
3
2
1
> 0
-1
-z
-3
-4
4 -2 2

b



*Copy the file ../teamplates/amr_initial_soln.F90 to advance_soln.F90
*Edit advance_soln.F90, making the following changes:
*Change the subroutine statement to:

Make the same modification to the end statement

*Add the declarations:

emaking sure that they appear after the use statements.
*Before the “ ” comment line insert the line:

Insert the following line immediately before the “ ” comment line:

*Replace the triply nested loop which updates ‘'unk’ with the following lines:

*Add the following lines before the return statement:




*Copy AMRDIR/templates/amr_timestep_template.F90 in to the current directory and rename it
amr_timestep.F90
*Edit amr_timestep.F90, making the following changes:

*Delete the lines declaring the real variables speed2, press and maxspeed.

*Delete the line including the file pointers.fh

*Delete the following lines inside the loop over grid blocks

*Change the parameter statement defining courant to:

*Replace all the lines in the section labeled 'users timestep calculation’ with the following line:




Edit tutorial.F90 making the following changes:
eUncomment the lines setting minstp and maxstp.
eUncomment the do statement and the corresponding statement.
eUncomment the call to advance_soln .F90 .
*Delete the two blocks of output code which we inserted into SECTION 6 earlier.
eInsert the following output code immediately after the call to advance_soln:




mguarral@node066:~/PARAMESH/test/paramesh_4.1/your_tutorial e
File Edit View Search Terminal Help

eremake and rerun by typing; 1 10.0000 10.0660 10.6000 1.0000 1.0000 1.0000
gmake -f make_tutor your_tutorial . 3 10,0000 10,0600 10090 1.6068 1.0060 1.0060
./tutor S Dees Dt Detes Dows oo Desses

*You have now advanced the solution e s o

through 1 timestep, and the output section i s—

immediately after the call to advance_soln Sl 1 W

will show how the data on the block LogE Lam Lo s

centered on (1.0,1.0) has been diffused. The e it p——

data should look like this: : iteration, no. not moved - ! ?

mguarral@node®66.pico: [your tutoriall$ |:|

*Note, at this point the cell interior (indeces
2-5in both x and y) are correct, but the
guardcells (indeces 1 and 6) have not yet
been updated.

*After the solution has been advanced on the oEEEEEEC
block interiors, we test the solution to see if

refinement is required. In this case >

refinement is selected for the 4 blocks

around the center of the domain. These are SEEENEEE.-

.

refined, and the solution is prolonged to the
newly created blocks there. The complete
updated solution after these steps is shown




Edit tutorial.F90 making the following changes:
*Set
*Remove the output statements immediately after the call to advance_soln in SECTION 6.
Insert the following line into SECTION 6 immediately before the enddo statement:

eInsert the following statements immediately before the amr_close call:

eremake and rerun by typing:
gmake -f make_tutor your_tutorial .
./tutor

In your output you will notice that before the first timestep we had 21 blocks, with uniform refinement at
level 3 throughout the computational domain. On the first timestep (iteration 1) the 4 blocks at the center
containing the high data values were refined, adding 16 blocks to make a total of 37. After the
seventeenth timestep the solution has diffused outward so that all the outer level 3 blocks, except for
those on the corners, are now all marked for refinement, adding another 32 child blocks at level 4, for a
total of 69.




Step 18: Run for 250 timesteps - 2

mguarral@node066:~/PARAMESH/test/paramesh_4.1/your_tutorial - O x
File Edit View Search Terminal Help
prac ® ot  6.258080008080BDOE-083
iteration 2% no of blocks =
proc 9 dt 6.2 E-B83
iteration 258 ne of blocks =
pe / blk ¢ blk-coords ¢ blk-sizes
[ 1 ©.50909Q0E0E0REEEEEE0 ©.DDODORODRECRREDE+E00  E.D00RDIODEEREER £, BOEEOIEDE0EEEE
[ 2 -2 990EEGEOBDEDEG -2.600080806E6000 4. B00DE6ERT000EE 4.80098800808008
8 3 -3.00000000080069 -3.00005000008080 1.50000800008069 N
] 4 -1,50008900990000 -3.09005008505008 R 2. B9G0E0E089505E
9 5 -1.50080995800860 -1.58095005060000 1.56095900565060 1. BOBEEE00EE005S
# & -B.569008000800005 -3.59008008605000 1.69005900608000 1. BEBEEOEDEAE0EE
E 7 -1,59500980805080 -2.59609999085099 1.59605855985589 1. 85858055805058
8 E -B.30000E0080800E0 -1.535080800000560 1.5900885088660 1. B58500509388E2
8 0 -3,58000008EE0E -1.BBEBEDEDEEEEDE 1.BBOREI0EREEEER 1. BEEEEODDEEETEE
] 18 -3.59908600000008 -1.59008080686000 1.86005808069069 1. BEEDEIEDERE0EE
8 11 -2.36008260000669 -1.58068008008080 1.86080800008069 1.8605600080866E
9 12 -3.50008000000000 -6, 500505000805008 1.50000900005508 1. B5G06000895058
. 8 13 -2.50008000060000 -8, 590095000500060 1.56095900860060 1. B6BE6200E000E0
After 250 timesteps, we can see R R o el oo R o e
. TP E 16 -B.500005000080000 -1.36009589906009 1.59059859080569 1. B5E560509088E2
from the flnal blOCk l]Stlng belOW 8 17 -1.50608000006000 -8, SEBBEROOEETEEEE 1. BEBEEOE006EE00 1. BBEOEEEEE0ERDE
. [ 18 -8, 5800050000008 -8, SE6ODEEDEEEEEED 1.B600580E060060 1. BEEEBEEDERE0EE
that blOCk number 55 1S a leaf : 213 iemmmm iewmmm gmmmm gmmaa
P : 9 71 0.509080600600580 -3.580880000E5800 1. 5608090068060 1. BEEEEE0DERE0EE
block located near the origin (it ; 7 ISooocccoroe0s 3 smecooooocess L.oooooccosoeese 1. ooosooooseos
. 8 23 5.560000000005000 -2.59609980006090 1.80099858008089 1. 90850000828088
— — .
has Coord]nates X—O.5’ y—0.5 ’ the : gg imawmm ;m immwm iaammwmm
line order may be slightly P Sl GNmEE e e
: . 9 28 1.590680E0806086 -1, 59005080656008 1. 8600090005568 1. BEEEE0EDEEE0EE
d]fferent mn your Output). 8 39 B,56000DBOG0BODEE -8, 530B0BOOEHROED 1.BBE0REBEAEDEDE 1. DRBOBOBOBDODD
8 30 1.509E6089000E50 -6, 560950908000060 1.5098800800065 1.60950800008860
8 31 3.99966980890860 -1,80095080505080 2.50906500000008 2. 6995695050060
[} 37 2.56980000890800 -1.58008006E55050 1. 5090800562000 1. 9800808502080
8 33 3.58000000020000 -1, 3BB0E008EE050 1.60908505080085 1. 9BEGSIEERE0ED
B 31 2.59080905090800 -6, 5005650500560 1.5965558080680 1. DEBEEEEDEEEED
E 35 3.50900000009000 -6, 3090E085E058560 1.59982059080689 1. B9EEEE5EDEE5ED
8 I 2. B8EE095EE5E000 4.B6006080850060 1 BEBEEODEEEEEEE
8 37 -3.0000860B000000 1. 0E0BEEEE0E0ED 2.6090066508000 1. £0E0BE0EE0E0ED
8 38 -3.50060080000860 ©.5E0850800858660 1.60988868080650 1.B8866800858660
8 30 -2.599660E0800860 5. 509056950605560 1. 8695606800066 1. B595E9E0EE5060
[ 48 -3.56060BE6650E00 1. 5B86BS0EE0E000 1. EB2BEBEEEEDEED 1. DBEBESOETEEEED
8 41 -2.38080B6020000 1. 5BBEBSAEEREEED 1.£0908008000080 1. £BBEBSAEEREEED
8 42 -1.890E0BEE090060 1. DE6EEEDEEED 1.5800000908008% 1. 08DR6E0E0E0ED
8 43 -1.39B60080090000 £.5098060500008E0 1. 5890205908068 1. BEBEEELIDEREED
B 44 -8, 3080E0REEREEEE0 ©.50BE00E0EEEE00D 1.66800908080000 1. BBEEESOEEEEDED
8 43 -1.59980686090000 1. 9800802500000 1.60990068080000 1. 6000802509000
8 45 -0.5009E0000000800 1.50050800008860 1.5098000800068% 1.50950800008860
8 47 -3.909860E0890860 3.59906950505500 2.5090050060000 R
8 45 -1.DO0EOBEOES0EED ER e 1.50908800560000 2. 6900900502000
8 40 -1,58086090020000 2. 5BBEBSIEEREDED 1.60908508000080 1. §BBEGSIEERE0ED
8 50 -6, 509080980090869 2. 59956858020560 1.0063508080080 1. 0236558020560
E 51 -1.59960990009800 3. 5850559058060 1.59902859080089 1. D9EEEBEED5E0ED
8 52 -0.509000006050060 R 1. 698000008000 1. B9BE095EE5E060
0 53 2.99960086099800 2. £000E5E505000 1.80900905505068 1. 89505005505058
© 50 1.99860080000880 1. 89950800858860 1.50958560000650 1.B9950850852860
] 55 §.500986080809800 5. 509956950559560 1.599565505008E5 1. £9956950555560
[ 56  1.560B0BE6E00E00 B, 300EBOS0EEREE00 1.£020E50EE606E0 1. EBEBOSOEEREEED
8 57 .5090B0BE0050000 1. 5BBEBSABEREEED 1.6020850BEE00E0 1. BBBEBSAEEREEED
8 58 1.59080086090908 1. 5908680808060 1. BEOREEEEDEDEET 1. DIDREEEEDEDEED
8 50 3,50906D090E0BEE 1. DIBEEELIDEREED 2. BE90EEEIDER0ED 1. DIBEEELIDEREED
B 60  2.39000006050800 ©. 50BEEOI0EEEEE6D 1.£690090808000 1. BBEEESDEEEEEED
[ 61  3.39000086090000 9. 300000902009000 1.£6900008080000 1. 0080090200000
8 62  2.399B60E0000E60 1. 8866200858860 1.8098800800065 1.80866800858860
8 63 3.59986080850860 1. 1995695080560 1.569560606006E5 1.8995695080560
[ 64  1.BOBEOBEGESREED 3. DBEDOSOETAEEED 1. 5090080560000 1. £BEHOS0ETEEE0D
8 65 0.509000000020000 1. 5BBEGSAEERR0ED 1.6090860000080 1. BBEGSAEERREED
g B6  1.59080000090800 1. 59006500020000 1.5060250802000% 1. DaDE650E0200ED
E 67 ©.509900090000009 3. 588505590580E0 1.59902659080080 1. B9EEEEEEDEEEED
E 68 1.59000090090060 R 1. 6080005080000 1. BBEE0S0EEEEDED
8 60 3.990090086090800 3.09000000000008  [| 2.60ODADOEEDOOBD 2. 0090000509900
26,73 Bot




Step 19: Check solution

*Edit tutorial.F90, adding the following immediately before the call to amr_close, to show the solution on
the block centered on (0.5,0.5):

eremake and rerun by typing:
gmake -f make_tutor your_tutorial . 4
./tutor

*Your final lines of output should look like this:

'—E mguarral@node066:~/PARAMESH/test/paramesh 4.1/your tu _ o x 3
File Edit View Search Terminal Help
1 2.6343 2.6343 2.60862 2.5514  2.4728 2.3744
2 2.6343 2.6343 2.60862 2.5514  2.4728 2.3744 Z
3 2.6062 2.6062 2.5785 2.5247 2.4475 2.3508
4 2.5514 2.5514 2.5247 2.4727 2.3982 2.30849
5 2.4728 2.4728 2.4475 2.3982 2.3275 2.2391
5} 2.3744  2.3744 2.3508 2.3049 2.2391 2.1567 1
mguarral@node@&6.pico: [your tutoriall$ D
>
*The final solution is displayed here:
-1
-2
-3




Step 20: Run in Parallel

*Create the file jobscript.sh
*Open the file

'W”te: B mauarral@node066:~/PARAMESH/test/parar - O X

File Edit View Search Terminal Help

#PBS -1 walltime=82:00
#PB5 -A cin staff

# goto launch directory
cd $PBS 0 WORKDIR

# load modules

module load profile/advanced

module load autoload intelmpi/5.1.1--binary
module list

# launch tutor over 1#*2 = 2 cores

mpirun -np 2 ./tutor

*Type:
gsub jobscript.sh

ALL

(< I |




Thank you for your attention

e



