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Introduction to
AVS/EXpress

What is AVS/Express?

A development
environment...

...for 3D visualization
applications

...object oriented

..based on a visual
programming paradigm
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What you will see today

Various exercises will guide
you through the most
important AVS/Express
features

Three “theory interludes”
will provide an inside view
of AVS/Express functioning

It's just a start-up, real
learning happens when you
have a concrete problem to
solve

So, don’t be discouraged!
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Exercise 1

Start AVS/Express
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Various AVS/Express editions

Starting AVS/EXxpress

. Vindows Neovi Maker
o Windows Photo Gllry

= Developer Edition § e
= Everything you need & A icioyue23
= Modules to develop applications Bian, T

= Standard modules can be opened |, &= |
= Visualization Edition

& Vs press Do Estion)
& VS opres Vi Estior)
@] Documentation

b Baltviewid

= Some modules not available i
= Cannot create runtimes p—
b Clsezs
= Cost less I CHITeck
b
= No differences if you are il

an End User
= (Multipipe Edition/Parallel Edition)

= Tobias will explain them

ETH CSsCs
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= Launch AVS/Express (Linux):
$ ...setup env variables...
$ express (if problems: -nohw)

= Launch AVS/Express (Windows):
Start - AVS/Express Collection - Dev Edition

= Launch AVS/Express (Mac OSX):
Start the X/Server (Applications/Utilities) then $express
= Load an example:
Library > Examples - Visualization - Orthoslice
= Or start with an empty application:
File > New Application > Single-window DataViewer

= Mouse rotate. Middle Mouse Button+Shift: Zoom. +Ctrl: Pan.
Reset with the/@ button.

i A—
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Try to find the AVS/EXpress parts

Environment variables

N

|

o —]

Toolkit
libraries

Access to
parometers

Work space
(M.«mgicm)

Module GUT

Application Network

Data Viewer Module internal structure

= XP_ROOT

= Where AVS/Express is installed
= MACHINE

= The machine architecture (look under bin)
= PATH

= $XP_ROOT/bin/$SMACHINE
= (Win add) $XP_ROOT/runtime/bin/$MACHINE
= LD_LIBRARY_PATH (Linux)
DYLD_LIBRARY_PATH (Mac)
= $XP_ROOT/lib/$MACHINE:\
$XP_ROOT/lib/$MACHINE/missing
= XP_LICENSE_SERVER

= (optional) lic.server.machine.ch:12345

o s
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Theory interlude 1

AVS/Express main concepts

AVS/Express components

e

Toolkit
Asedie 16 libraries’

parameters

>Work space

#odule GUT

Data Viewer

Module internal structure
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Data Viewer

Default library

Editors (access to rendering parameters -
—‘_ x

Libraries

Viz techniques

N - i <@horus17> io] [x

More than 500 visualization
techniques available

Readers available for a broad
range of file formats

AVS/Express prototyping
support helps finding the
most useful technique

Any technique can be
adapted to suit specific user
requirements

Network Editor: the build area

AVS/Express applications

Applications are
built dragging
modules from the
libraries to the
Network Editor

= An application is composed
by modules connected
together

= Colors of connection ports
and lines are related to data
type (only compatible types
can connect)

= Each module starts when it
receives all the needed data

= The user interface docks in
the right place automatically

| & Uviewer3D

From the AVS/Express example: ILineSpiralHalo

Cscs
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Dataflow architecture

Dataflow architecture

(& su gt
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Dataflow architecture

Dataflow architecture

Enter filename

‘
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(B Read Field
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Dataflow architecture

Dataflow architecture

B Read Field
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(B Read Field
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Dataflow architecture

Dataflow architecture

CSsCs
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The result of this application

AVS/Express: behind the scene
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Object Manager

vertex = (double ®)Okret paxe array_ptr(vrits htal id OMstr_to_name('vertex’),

OM GET_ARRAY_HD. &wertex_size. NULL)

Object references

Not only visualization: Ul Kit

= is assignment

== is object reference
ETH

[eseramisene rechnische Hockschuie 2o Swiss Nationai Supercomputing Centra
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Some AVS/EXpress resources

= AVS homepage: http://www.avs.com/

Official documentation: http://help.avs.com/Express/

AVS forum: http://forum.avs.com/

AVS/Express built-in examples

Visualization techniques book (in the AVS/Express manuals)

International AVS Center (IAC): http://www.iavsc.org/

IAC training material: http://www.iavsc.org/training

Patches, doc and examples: ftp://ftp.avs.com/pub/express/

Other resources on: http://www.cscs.ch/~mvalle/AVS/

A user level AVS/Express course:
http://www.cscs.ch/~mvalle/AVS/introduction-to-xp.html

. . CSsCs
AVS Workshop - Mario Valle - 05/05/2011
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Exercise 1b

Try built-in examples

Try to find the AVS/EXpress parts

Toolkit
Ascass fo libraries
parometers

Instantiate: Visualization = Orthoslice
By dragging to the empty area
il - ] .

e Mo 5

Work space
(m.«mﬁfm)

Module GUT

Application Network
Data Viewer

Module internal structure

Exercise 2

Electronic density slice
Workbook page 4

BCEEEER
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Exercise 3

Lobster internal density
Workbook page 26




Data Viewer

Ccscs

Swiss National Supercomputing Centra
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Object rendering properties

Editors: interface to services
» Modules: User interfaces for loaded modules
» View: Rendering parameters
» Transform: Geometrical transformations
» Light: Setup, color and type
» Camera: Camera position and type
» Object: Selected object appearance
» Datamap: Colormap setup
» Graph: 2D charts parameters (if loaded)
» Print: Screen hardcopy

CSCS
«

Swiss National Supercomputing Cantra
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Select the graphical o Je—éf
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Other viewer / object properties

= Enable the Alternate Object for the
selected object

= Lights

= One or more lights

= Directional, bidirectional, spot
= Camera

= Depth cueing

= Clipping planes

= Perspective or orthographic camera
= Mouse manipulator

= Object, camera or light

AVS Workshop - Mario Valle - 05/05/2011 GSGS\

[eseramisene rechnische Hockschuie 2o Swiss Nationai Supercomputing Centra

Theory interlude 2

Mesh and Field types
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Scatter data From points to surfaces/volumes

AVS Workshop - Mario Valle - 05/05/2011 CscCs ‘w
Swiss National Supercomputing Cenire J

Unstructured grids Uniform grids

Structured grids Mesh types
Uniform
Scattered  structured )
(no geometry) -
S %
DATA o Rectilinear
. Structured
Connected -
(has geometry) m-
—
Unstructured

- CSCS w
AVS Workshop - Mario Valle - 05/05/2011 -
L~ , e 005
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Cell types for unstructured mesh AVS/Express Field Data Type
HEX HEX2 PRISM. PRISM2
. ) LINE, LINE2 o\'/: PYR. PYRZ
Y N e
19 1 L4
1 vY—— - e )
4 15-1 ! N\ 1 : v\o/u
12\ . 14 18 TRI, TRIZ \ o / \
0 4 2 o 3
; ( Grid ) (Cell Sets) @ode Data G:eu Data)
; " TeT, T2 QUAD, QUADZ
poLYHEDRON i I Field file format
0 3 2 4 8 7 7 e\ A s
; ; ,;: ) /x\ ——z Field data type
Imww“m AVS Workshop - Mario Valle - 05/05/2011 CsCs

, i ) csCs _u
AVS Workshop - Mario Valle - 05/05/2011
<l | I - T s s s SO

Grid and Node Data Grid and Node Data

L
Field NodeData1

L
- s - @ NodeData2
® ® NodeData3
" ® ®
0O Positions and data components
L J
U Data components can be scalar and vector [y
Im  Senknizshe Hoakoulute Beh AVS Workshop - Mario Valle - 05/05/2011 CSCS

# It CSCs w
AVS Workshop - Mario Valle - 05/05/2011 -
.l I - AR » it

Connectivity Information

Connectivity
NodeData1
Field
(Mot ) NodeData2
o odeData
( Grid )(Cell Sets) @ode D;ta- NodeData3

QO cellis a geometric entity

O cell_sets are a collection of cells

| . AVS Workshop - Mario Valle - 05/05/201 CSCS

_ . CSCS _ 3
AVS Workshop - Mario Valle - 05/05/2011 -
.l I - AR : it

Page 9



Cell Data

Cell Data

=D

‘ Grid N Cell Sets ’

0 Cell data completes the definition

[stenamsscne ecmmcne nserscnte unen

CSsCs
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‘Node Data" Cell Data ’

%

NodeData1
CellDatal
NodeData2
CellData
CellData3

AVS Workshop - Mario Valle - 05/05/2011

NodeData3

mmmumuxnmn Ccscs ‘wd

Swiss National Supercomputing Cenira

Unstructured Meshes

Structured Meshes

O The only type of mesh where cell sets are required

[staenamiscresechaiche Hockcute 2o

CSCS

Swiss National Supercomputing Cantra

AVS Workshop - Mario Valle - 0:

&

unstructured structured (2,5)

U Connectivity is implied by dimensions (all structured meshes have
dimensions specified)

mmmmmknmn

Cscs ‘w
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Rectilinear Meshes

Uniform Meshes

QO You only specify the grid (node) coordinates along each axes

[staenamiscresechaiche Hockcute 2o

CSCS

Swiss National Supercomputing Cantra
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)

max node

min node

~

O You just provide grid (node) coordinates for minimum and maximum

Cscs ‘w

i tonaspaconputrg corrs g

mmmmmknmn
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£ Datal0

Data import in AVS/EXpress [Eem=

[Read UCD)
[Read Imsge)
{Fid HDFS Field)

E‘

o
P [E] Fd netCDF Fig)
e | {Rd Tt Colunns]|
[Rd Tt Gd)
s e {Fid T+t Sequence
o s e
s [T
¥ cohen e (Read DXF1

o ———— (Read Polygon)
P
f—— Pl T
T ] (Read Img2Vol
e

[E] Read Volume)
o s
= File import modules — p— B Readrior)
{Fead CGNS)
[Read Geom)
{Read Geoms)

(Pt Field)

= Various formats directly
readable

= Rd_Txt_Columns
(Rd Bin Sequency

= Database (ODBC / Oracle)

= AVS Field file format

B Bl Ecme BEEiE L

= Custom readers

Formats directly supported

[

ETH CSsCs

Jospersusncne enmmene vacrcnte 2o AVS Workshop - Mario Valle - 05/05/2011

Swiss National Supercomputing Centra \\di mmvm-m

= AVS Field

= Uniform, rectilinear, structured
= AVS UCD

= Unstructured
= HDF5, Plot3D, netCDF, CGNF

= Standard CFD formats
= Text

= Need a table_to_scatter/table_to_uniform module
= DXF, Polygon, Triangle, AVS Geom

= Geometries
= Images

= BMP, GIF, JPEG, PBM, SGI RGB, TIFF

AVS Workshop - Mario Valle - 05/05/2011 CscCs ‘wﬂ

Swiss National Supercomputing Centra

Import method choices

Most important user data import

. Various directly Simplest solution
Simple | readable formats

Rd_Txt_Columns | Textual file. OK for Scatter or Line meshes

Database (ODBC | Read tables from a database

and Oracle)
AVS Field file Convert data to FLD. Support uniform,
format rectilinear and structured meshes
File import Read whatever you want and then combine
modules them with field mappers
Custom readers | No constraints, but programming and

Hard knowledge of the FLD API needed

ETH ©scs

[pepentessche techninche vockochuie zarich AVS Workshop - Mario Valle - 05/05/2011

et -, I - re——

s
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|| | o
dlf&—‘m
AVS Field file format gi%" C
|
8| [
| o
Rd_Txt_Columns o —
i AT —
e sy i
[ (Ra Txt Grid) 5? g
o et |{
[E (Ra Txt Sequg |
] (Ra 8in [
(=) (Reau pxF)
(2] (Read Polygor
5 (Read Triangig

AVS Workshop - Mario Valle - 05/05/2011 G505 \&
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The Read_Field Module

The Read_Field Module

# AVS field file
Needs to /7:: This is a header file for a structured field

her # : -
be there ndin = 3 Space dimension
diml f 40

32
nspace = 3 <—{ Topological dimension ‘
data = float
field = irregular
label = density x-momentum y-momentum z-momentum stagnation

variable 1 file=./bIntfing.bin filetype=binary skip=28

variable 2 fi -/bIntfing.bin skip=163868
variable 3 fi ./bIntfing.bin ip=327708
variable 4 fi ./bIntfing.bin filetype=binary skip=491548
variable 5 f ./bIntfing.bin filetype=binary skip=655388

N

coord 1 file=_/bIntfinx.bin filetype=binary sk
coord 2 file=_/bIntfinx_bin filetype=bin:
coord 3 file=./bIntfinx.bin filetype=|

binary skip=327692

Various examples under

Default extension is: .fld : =
clauit extension s expressin data/field

Swiss National Supercomputing Cantra

N A 05/ CSCs w
| i AVS Workshop - Mario Valle - 05/05/201 & El

mmmmkxm

# AVS field file
# this is a header file for a uniform field
#

ndim = 3

diml = 64
dim2 = 64
dim3 = 64
nspace = 3
veclen = 1

data = _yte
field = uniform

variable 1 file=./hydrogen.dat filetype=binary skip=3

Note: FORTRAN unformatted data can be read by using, for example:
variable 1 file=for0004.dat filetype=unformatted skip=32 stride=1

Swiss National Supercomputing Centra

AVS Workshop - Mario Valle - 05/05/2011 G505 \&
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Rd_Txt Columns example

Time dependent data

1000

18.37 5.00 10.00 .06
18.94 5.00 10.00 .07
19.49 5.00 10.00 .05

= Import file conc.dat
using Rd_Text_Columns (skip 1 line)

= Trasform it into a scatter field using
table_to_scatter_field
(columns: X, Yy, z, value)

= Enhance visibility using:
glyph-+Diamond3D (normalize)

tnares [ =
e = ) [

gl T g o e

= File list

50.5000

= Multistep FLD
= Multistep UCD
= Animator

= Image Capture

CSCS 3;:

ssgenasiscne veennische Hochschute 2urieh . . -
| Swias Ntionai Supercompuiing Cantre

_ e
.
B
cscs 3&

~
Swiss National Supercomputing Centro. s

Time dependent field

Time dependent field

* AVS/Express extends the AVS/Express field ASCII
description format to support time dependent
(multistep) data. (Binary file input is not extended.)

* These extensions could be used to define steps in the
data at which node data, and/or coordinate data can
vary. The cell type, and the nspace and ndim values
for the field cannot change.

= A string can be specified for each time step. The
string will be displayed when the step is displayed.
For example:

* (hardcoded) time value=30.0sec

e (from file) time File=cylinder.12
filetype=ascii offset=1

# AVS field file
#

ndim = 2

diml = 50
dim2 = 20
nspace = 2

veclen = 1

data = float
field = irregular
label = vorticity

time file=cylinder/cylinder.1 filetype=ascii offset=1
variable 1 file=cylinder/cylinder.1 filetype=ascii skip=1
coord 1 file=cylinder/cylinder.mesh filetype=ascii skip=1
coord 2 file=cylinder/cylinder.mesh filetype=ascii skip=1001
EOT

time file=cylinder/cylinder.2 filetype=ascii offset=1
variable 1 file=cylinder/cylinder.2 filetype=ascii skip=1
EOT

time file=cylinder/cylinder.3 filetype=ascii offset=1
variable 1 file=cylinder/cylinder.3 filetype=ascii skip=1
EOT

time file=cylinder/cylinder.4 filetype=ascii offset=1
variable 1 file=cylinder/cylinder.4 filetype=ascii skip=1
EOT

..-(etc.)

Time dependent field modules

Read_Field
interp_time_step

extract_time_step

set_global_minmax

Time Data example

Exercise 4

Visualize 2D data
Workbook page 42

Page 12
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Fld for temps.dat

# AVS field file
# b I%:::“ | S
ndim=2 EEEEATEe
diml=31 Dt [
dim2=31 |
nspace=2

veclen=1
data=float
field=uniform

label = Temperature

variable 1 file=_/temps.dat filetype=ascii skip=1

ETH CSsCs

Jospersusncne enmmene vacrcnte 2o AVS Workshop - Mario Valle - 05/05/2011
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Exercise 5

Visualize 3D vector data
Workbook page 55

Exercise 6

Visualize volume data
Workbook page 77
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Exercise 7

Visualize UCD data
Workbook page 85

Theory interlude 3

AVS/Express customization

AVS/EXxpress customization

AVS/Express project structure

to work)

N

. Modifying standard modules

3. Grouping modules into macros (use DV* modules)
4. Writing V code directly
5. Integrating C / C++ / Fortran code XP_PATH
Save Project - Workspace content
Im e AVS Workshop - Mario Valle - 05/05/2011 Mwm‘su”mmwlﬁsﬁﬁ \& mmmum AVS Workshop - Mario Valle - 05/05/2011 WNHW‘SWMMW&SG&S"‘&

1. Creating an application (if it saved as runtime
it does not need an AVS/Express installation

Sources

W é

Page 14
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avsenv and XP_PATH Beware!

= In the avsenv file various environment variable could
be defined, but one is critical: XP_PATH

CACHE_SIZE=256
MSMSSERVER=C:\CSCSlib\msms_bin\msms.win32.exe

XP_PATH=C:\CSCSlib $XP_ROOT Save App//'caﬁon # Save Projecf
= XP_PATH defines the search order for all the Express
pieces

Use Workspaces
v\templ.v —— C:\CSCSlib > C:\Express

| ;

v\templ.v v\templ.v

ETH AVS Workshop - Mario Valle - 05/05/2011 CSCs m — AVS Workshop - Mario Valle - 05/05/2011 CSCs
Swiss National Supercomputing Centra brrrsprrar s Swiss National Supercomputing Centro

Create a user interface

Modified standard

isosurface module
to sweep the full
values range

' GUIExample

et
Jhome/mvalle/CSCSlib/go.bat |

Cscs

Swiss National Supercomputing Centra

AVS Workshop - Mario Valle - 05/05/2011

Add a computing module Add Module Wizard (1 of 3)
= Create a project -
= Start the Add Module Wizard F‘,‘:«TW

* Remember to do a Save Project! B P [
Petbod bom Cos [cmmotbod)
Flmmetoe

= Add your code to the skeleton oot e I

= Compile (express.dsw or make —F express.mk)

= Exec the new bin\pc\express or bin/linux/express

T, Dorm Cancel Heb

ETH CSCS EEL csCs
AVS Workshop - Mario Valle - 05/05/2011 AVS Workshop - Mario Valle - 05/05/2011
[t et ez " Swiss Natonal Supercompuiing Gentre g ing ! Suiss National S percomputing Gentrs
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Add Module Wizard (2 of 3)

Add Module Wizard (3 of 3)

-1 ity Mothod rurs when parsenator changes.
5 o Mt resas parameter
1 il Metho wiites parauneter
-1 1 Methed reques parameter v (o be sel.

s (8 mousf S omeu o[ e

AVS Workshop - Mario Valle - 05/05/2011 CSCs
Swiss National Supercomputing Centra

Process in which object resides laherit (express) s
Directory for source: MomefvaleicSCSilb

“|| | source moname [T

Autvanced proportis

L

The name of a drectory 1o storo build fles

Etlit Source Compile Process

FeBai o]l omcalnl) ) e

i A—

AVS Workshop - Mario Valle - 05/05/2011 Cscs
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Interface between V and code

Generated by the wizard

AVS/Express

Exercise 8

Module - Interface Modify isosurface module
definition Code
Parameters Behavior
|Er" echatcheHochochule 2k AVS Workshop - Mario Valle - 05/05/2011 wwmmmwmfﬁﬁf -

Modify standard orthoslice

Read the AVS Field format file hydrogen.fld

Show data limits with bounds

= Extract a slice with orthoslice (axis 2)

Step from 0 to 63 using a Loop

Connect the counter to
ortoslice.OrthoSliceParam.plane

AVS Workshop - Mario Valle - 05/05/2011 GSGS\
Swiss National Supercomputing Cantra

Exercise 9

Create small (active) user
interface

Page 16




Create active user interface

Movie creation

= Create a SingleWindowsApp

Add a Ulmod_panel panel
= Insert a Ulslider and a Uldial

= Connect their values

What happens moving slider and dial?

= Bonus: Ul Builder = Layout Editor

ETH CSsCs

AVS Workshop - Mario Valle - 05/05/2011
Swiss National Supercomputing Centra

= Animator module
(under Main > Data 10)

= Starts with the definition
of key frames

= The module Image
capture takes the frames
and build MPEG or AVI
movies

Ccscs
mm__m,m AVS Workshop - Mario Valle - 05/05/2011

Swiss National Supercomputing Centra
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