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ASPECT: Methods CI@ i

< Modern numerical methods:
adaptive mesh refinement, linear and nonlinear solvers,
higher-order discretizations, stabilization schemes

< Usability and extensibility:
manual: 450+ pages, ~40 cookbooks/examples
plugin architecture

< Parallel scalability

» Building on others’ work:
tested foundation, smaller codebase, automatic
iImprovements

< Community:
GPL, developed in the open
Encourage contributions, be welcoming
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e Start Oracle VM VirtualBox and import VM

N¢ Oracle VM VirtualBox Manager

File Machine Help

. Preferences...

‘4] Import Appliance...
£} Export Appliance...

Virtual Media Manager...
Host Network Manager...

Check for Updates...
Reset All Warnings

B @ ¢ &R

Exit

Network Operations Manager...

Ctrl+G gi 88\8
b hd
Ctrl+I Machine Tools Global Tools
A
Ctri+E  rtualBox!
Ctrl+D  Vindow lists all virtual machines 20
roups on your computer. -
Ctrl+W
window represents a set of tools
pened (or can be opened) for the
hine. For a list of currently
the corresponding menu at the
tool bar located at the top of the
be extended with new tools in ’
Ctrl+Q
You can press the F1 key to get instant help, or visit
www.virtualbox.org for more information and latest
news.
Details
Tool to observe virtual machine (VM) details. Reflects groups of properties for l_j
the currently chosen VM and allows basic operations on certain properties —]
(like the machine storage devices).
Snapshots
Tool to control virtual machine (VM) snapshots. Reflects snapshots created =]
for the currently selected VM and allows snapshot operations like create, (o) v

Import an appliance into VirtualBox




VirtualBox
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e Start ASPECT-tutorial virtual machine

N¢ Oracle VM VirtualBox Manager

File Machine Help

i

New Settings

Start selected virtual machines

> -

Start
Discard = Sta - Machine Tools

Welcome to VirtualBox!

The left part of this window lists all virtual machines
and virtual machine groups on your computer.

The right part of this window represents a set of tools
which are currently opened (or can be opened) for the
currently chosen machine. For a list of currently
available tools check the corresponding menu at the
right side of the main tool bar located at the top of the
window. This list will be extended with new tools in
future releases.

You can press the F1 key to get instant help, or visit
www.virtualbox.org for more information and latest
news.

o -

Global Tools

Details

Tool to observe virtual machine (VM) details. Reflects groups of properties for
the currently chosen VM and allows basic operations on certain properties
(like the machine storage devices).

(Wi

Snapshots

Tool to control virtual machine (VM) snapshots. Reflects snapshots created
for the currently selected VM and allows snapshot operations like create,

]
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VirtualBox

 You should see a screen like this:

ASPECT-tutorial [Running] - Oracle VM VirtualBox

File Machine View Input Devices

) deal.Il Image - Mozilla Fire...

info.html|

aspect-gui

Home

tutorial.prm

Help

v deal Il Image - Mozilla Firefox

deal.Il Image X ‘ -+

«)> C B @® Aile:///home/ubuntu/Desktop/info.f o @ *‘ ‘ Q_ search

%* Most Visited @ INFO [ dealii.org [ deal.ll documentation @) ASPECT

Welcome to the deal.Il virtual box
image!

NOTE: Before you get started, make sure you set up your virtual machine settings to the
appropriate number of cores (<= the number of cores in your system) and amount of
RAM (at most your total RAM minus 1GB). Be aware that a powerful machine is
recommended for this virtual image to work. For serious computations we recommend
running deal.Il natively on a linux machine.

For help please consult the README, FAQs, Tutorials, and mailing list at http:/dealii.org.

If you have comments or questions about this image please contact the mailing list or

heister@clemson.edu.
This image contains the following software you might find useful:

o deal.Il (release 9.0.0) configured with MPI, Trilinos, PETSc, p4est

o ASPECT (software library for Mantle Convection based on deal.Il, development
version)

« for code editing: qtcreator, eclipse (if you have enough RAM), leafpad, and emacs

« for visualization: gnuplot, paraview, and visit
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VirtualBox: Keyboard layout  CIG e

* |f you have a different keyboard layout than
the standard English(US)...

N
1 ¥ -1 O deal.Il Image zilla F 1G l]
| Ry
Bn shortcuts

\BH| Settings Manager 1./ Favorites

m About Me 4 Recently Used Behavior = Application Shortcuts | Layout

3 Accessibilit s

@ Accessibility Al (] Use system defaults
[§ Additional Drivers @ Accessories Keyboard model

’E Appearance ~ Development l Generic 105-key (Intl) PC

&J Bluetooth Manager 55 Education

d - Change layout option Compose ke

g Desktop 5% Graphics — ’ . '

! Display @ Internet c c

& | File Manager B Mmultimedia Keyboard layout

241 Input Method

i ‘nput Metho ™ office Layout Variant

/41 Keyboard — P

3 eyboar German  German (dead acute)
w Keyboard Input Methods < English (US)
55 System —

Language Support

Light Locker Settings

i’ Menu Editor ‘ £ Add H | {0 Delete ‘

[ MIME Type Editor ‘

Ubuntu Aa (= -

(=) @ 4 @Help ‘ l X Close |
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* Basic usage of ASPECT is specified
through a parameter file (e.g. tutorial.prm)

* The parameter file is used by the simulation to
determine the discretization, parameters, initial
conditions, boundary conditions, etc.

* By the end of this tutorial, you should be able to:

1.
2.

Run aspect from the command line.

Understand the basic layout of the parameter files
that are used to control Aspect simulations.

Be able to visualize the generated output in
ParaView.



e COMPUTATIONAL
USIn ASPEC I A INFRASTRUCTURE
for GEODYNAMICS

* We will begin by running ASPECT in the
Terminal (ctrl + alt + t)

1. Change to the appropriate directory
cd Desktop

2. Run ASPECT with the tutorial parameter file
and print the output
(this will take about 20 seconds)

Jaspect tutorial.prm

3. Open log.txt and look at the output

gedit output-tutorial/log.txt
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Visualizing Results with ParaView



Visualization with ParaView  CIG s
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* To visualize the simulation i
results, we will use ParaView lﬁlpara View

* ParaView is a program for visualization of large
data sets

* |tis already installed on the virtual machine,
open it now by typing “paraview” in a terminal

* ParaView supports visualization tools such as
isosurfaces, slices, streamlines, volume
rendering, and other complex visualization
techniques



Visualization with ParaView  C|G s

ParaView 4.0.1 64-bit 1 m = €) 12:58PM %
=

22 F 2?2 & KA > DT Tmelo | B
[~ |~ /| Representation - 7 D PSS B G L | ﬁg iz EI@ 22

Toolbars

Pipeline Browser

Object Inspector

2D/3D View

13



Visualization with ParaView  C|G et

Open File: (open multiple files with <ctrl> key.)

* Startbyopening © T GEGE
solution.pvd =
which was e
created by
running ASPECT

* You can choose

=

“Open” from the

Files of type: | Supported Files (*.cml *.Flash *.flash *.boundary *.hier | v Cancel

File menu or use
the Open icon
in the toolbar

* The fileisin
/home/ubuntu/Desktop/output-tutorial/




Visualization with ParaView  C|G s

* The file will appear in the )@emer =
pipeline browser
— Make sure this is solution.pvd | |
* Click “Apply” to show the ﬁ' =

Faopy || oot | wodete |7
field in the view area /

— By default, no field is shown

— Select “T” in the toolbar to
show the temperature field

- ..3 s ‘ @ Solid Color Iv| ]

%

T @ @ @ cellNormals q
o200 o p

Pipell © T €
| © velocity

@ builtin:



Visualization with ParaView  C|G s

* The top toolbar has buttons to
change the time, shown below

— Click the play button and watch how
the temperature field changes

— Near the end, is the temperature
field static? Is the velocity field e
static? Is material moving?

Frame O

Previous Next

Frame Frame Loop
I <0 > > DI B Time| [69 [
First  Play/Pa Last Simulation  Time step

Frame 231

Frame use Frame Time number

16



Visualization with ParaView  C|G s

* QOpen the file particles.pvd and click 0 s S [@solidcolor [+
“Apply”
— The tracer particles from the Pineline Browser E
simulation now appear on the @ builtin:
temperature field @
— By default they are uniformly colored Change the coloring
— Change the coloring scheme to “id” to— scheme to “id”

show each particle in a different color

— Click play again to see how material is
flowing with the tracer particles

— Even when the temperature field is
static, is material flowing?

— How would you characterize this flow
pattern? Where is the upwelling
material? The downwelling material?

Temperature field with
tracer particles

17
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 Numerical models generally consist of several key
components:

1.

DU A WN

The rules (e.g. equations) for the model
The discretization of the model (the mesh)
Model parameters

Dependent and independent variables
The initial state of the model

The boundary conditions

. We will go through the parameter file and look at
these components

aspect-gui tutorial.prm

or

gedit tutorial.prm



AU the top,
# work in:
set Dimension -2

we dofine the nusber of space disensions we would Like to

# There are several global variables that Bave 1o do with what
# time system we want to work in and what the end time is. We

# also designate an cutput directory.
set Use years in output instead of seconds = true
set End time - Selo

set Output directory = outpwt-tutorial

Then come a nusber of sections that deal with the setuwp
f the problem to solve. The first one deals with the
ry of the domain within which we want to solve,
sections that follow all have the same basic setup
re we select the name of a particular model (here,
the box geometry) and then, in a further subsection,
set the paraseters that are specific to this particular
¢ model.
subsection Geometry model
set Model name = box
subsection Box

set X extent = 4.2¢6

set Y extent = 3eé

end
end

ii’r’

sassses
3

# The following section deals with the discretization of
# this probles, nasely the kind of mesh we want to compute
# on. We here use a globally refined mesh without
¢ adaptive mesh refimesent.
subsection Mesh refimesent
set Initial global refinesent -
set Initial adaptive refimement -
”:ﬂ Time steps between mesh refimesent -

oo w

# The following two sections describe first the
@ direction (wertical) and magnitude of gravity asd the
¢ material model (i.e., density, viscosity, etc).
subsection Gravity model

set Model name = vertical

subsection vertical

set Magnitude = 9.81
end
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torial.xml - parameterG

v tutorial.xml - parameterGUI - + X

File Help

= [;J E E Hide default values Change font

(Sub)Sections/Parameters Value

B Dimension

Additional shared libraries

Resume computation false

Max nonlinear iterations 10

Max nonlinear iterations in pre-refinement 2147483647

Start time 0

Timing output frequency 100

Use years in output instead of seconds true

CFL number 1

Maximum time step 5.69e+300

Use conduction timestep false

Nonlinear solver scheme IMPES

Nonlinear solver tolerance 1e-05

Pressure normalization surface

Surface pressure 0

Adiabatic surface temperature 0

Output directory output-tutorial

Use direct solver for Stokes system false

Linear solver tolerance 1e-07
Parameter documentation: ®

The number of space dimensions you want to run this program in. ASPECT can run in 2 and 3 space dimensions.

e Hide default values... .



