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University of Utah

e Scientific Computing and Imaging (SCI) Institute

- 15 faculty members and more than 100 students and post
docs

¢ \/GC Group: 3 post docs, 9 grads and 2 undergrads
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Visualization tools
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Visualization tools
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Data exploration through visualization is an
effective means to understand and obtain
insights from large collections of data
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Creating visualizations
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Creating visualizations
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Creating visualizations
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The generation of visualizations is still best carried out by experts!
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Helping to create
visualizations
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Helping 1o create _—
visualizations = sl ‘ AT
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connection
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e |SmartLink
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SmartLink: Telea & van Wijk, VisSym 1999
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Helping 1o create =
visualizations B sl ' A
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SmartLink: Telea & van Wijk, VisSym 1999

—
VIKPLYReader J

vﬂCoﬂoufllu R

l SR ER RN

Analogy Template Automatically constructed visualizations

Vis by Analogy: Scheidegger et al., Vis 2007
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Helping to create
visualizations i [Ples | Mo W
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Analogy Template Automatically constructed visualizations

Vis by Analogy: Scheidegger et al., Vis 2007
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Helping to create ___
visualizations o ..,-M.,m
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Detailed knowledge of the
underlying computational
components is still necessary

Analogy Template Automatically constructed visualizations

Vis by Analogy: Scheidegger et al., Vis 2007

_."‘\:

COPPE/UFRJ PN R )
2 0 ut =51 VACET W
R:~5 CMOP

July 16, 2009 ST e 46,

Tuesday, July 21, 2009




Helping to create visualizations:
Custom Applications
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Helping to create visualizations:
Custom Applications

WWW.aVvs.CoOMm
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Our Approach: VisMashup

e Simplifies the creation, maintenance and use of customized
visualization applications (mashups)

¢ Uses dataflows as the underlying model

e Keeps detailed provenance information of the application
development process and use

Astrophysics -
VisMashup

Create Simplified

View
‘\
Add to Medley
1
Create App
Select Pipeline
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The VisMashup Architecture

Template Pipeline View Medley
Repository Repository Provenance

changes
parameters,

values

Pipeline
Provenance

— changes A
Template/pipeline view |  pipeline Medley PP
generation

Pipeline
acquisition and

analysis creation views > creation
pipelines I l medleys

Pipelines VisMashup Architecture
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Pipelines

e Dataflow model is used to specity visualization pipelines
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Main concepts In VisMashup

Pipeline View

Medley

Pipeline Template Pipeline Template Node

Pipeline

Connection

Parameter

>
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Pipeline Operat

ons: R

vtkCylinderSource

] SetResolution(8)
GetOutputPort [

vtkProperty

vtkPolyDataMapper
[ setColor(1.0, 0.3882, 0.2784)

this [F SetinputConnection
| this [3

vtkActor

The pipeline is executed in the order
gsetMappef determined by the network of
SetProperty . .
O RotateX(30.0) modules and connections, in a
[ RotateY(-45.0)

this [3 demand-driven fashion

vtkRenderer

AddActor G
[ SetBackground(0.1, 0.2, 0.4)
this

Module

[ target port
[] parameter(value)

source port
vtkRenderWindow port [

£] AddRenderer # Request order
] SetSize(200, 200) @ Execution order
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Pipeline Operations: Substitution

vtkColorTransferFunction vtkPiecewiseFunction vtkStructuredPointsReader

this: vtkColorTransferFunction [;_] this: vtkPiecewiseFunction [J] GetOutputPort: vtkAlgorithmOutput
-

vikVolumeProperty

[E] SetScalarOpacity: vtkPiecewiseFunction
£ SetColor: vtkPiecewiseFunction
this: vtkVolumeProperty []

vtkVolumeTextureMapper3D

AddinputConnection: vtkAlgorithmOutput
this: vtkVolumeTextureMapper3D

vtkVolume

&]SetMapper:vtkAbsuactVqumeMapper Parameter Va|ueS aﬂd mOdU|eS Caﬂ

SetProperty: vtkVolumeProperty

this: vtkVolume [ be replaced within a pipeline

—

e ——

/ vtkRenderer

fﬂ AddVolume: vtkProp Module
this: vthenderer/E]

/

[ target port: type
S source port: type []

/ vtkRenderWindow

>~ Remapped connections
fﬂ AddRenderer: vtkRenderer
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Pipeline Templates and Pipeline Views

resolution vtkCylinderSource add SuggeStlon
3 SetResolution(8)

GetOutputPort [§ vtkCylinderSource M vtkCubeSource

vtkProperty _ }
Cylinder /—\ O - [ xLength(7
SetResolution(8) xLength(1.0)
SetColor(1.0, 0.3882, 0.2784 .
o ,h,;a input GetOutputPort [] [ yLength(1.0)

O zLength(1.0)
Cvlind GetOutputPort [J
SetlnpulConnectiqn Lot Cube

color_G __thisF)

B i T

color_B ( vtkActor

t] SetMapper

] SetProperty rotateX
] RotateX(30.0)

[ RotateY(-45.0) rotateY Template hierarchy

‘hisp ) ES

P M
color_R vtkPolyDataMapper

Input

/_/ DrawShape DrawShape
INPUt = Cylinder '

input

vtkRenderer -input(Cylinder)

resolution .
() AddActor resolution(8)
[0 SetBackground(0.1, 0.2, 0.4) color_R color_R(1.0)

this £) color_G color_G(0.3882)
/———-—/ color_B color_B(0.2784)
/ vtkRenderWindow rotateX rotateX(30.9)

rotateY(-45.0)
(] AddRenderer rotateY R
[ SetSize(200, 200) . -

DrawShape

Pipeline Template Pipeline View
(b)
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Medleys: Collection of pipeline views

Fetch Smiles Fetch 3D Model
input

input
cid SynC cid
output output
smiles | ~ pdb_file

compose

compose
Fetch 2D Image

input
smiles

Render 3D Model

input

pdb_file

Medley Canvas
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VisMashup

- Medley a flexible GUI automatically generated

input

IsoValue from a medley specification
e VisMashup

200 +
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The VisMashup System
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The VisMashup Architecture

Template Pipeline View Medley
Repository Repository Provenance

changes
parameters,

values

Pipeline
Provenance

— changes A
Template/pipeline view |  pipeline Medley PP
generation

Pipeline
acquisition and

analysis creation views > creation
pipelines I l medleys

Pipelines VisMashup Architecture
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Pipeline Acquisition and Analysis

® Pipelines

- Can be built from scratch

- Can be selected from a collection of pipelines

* relevant pipelines

* iImportant parameters and associated values

VisMashup - Mining Pipelines

REX
pr—
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Hasse

Diagram
° III-I ll

Pubishabled vnth gros Fun_steams_no_arrons

o, £ e =

A Hasse diagram

IS a tree where .
each node
corresponds to a . . . - 1
group of —
Isomorphic
graphs, and edges
between a parent
and a child node
Indicate

containment
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Hasse | —=5

Diagram
° H BEE B, ll

FoPaper « HTTP Practce < M Pubishabled vath gro Fun_streams2_no_arons

o, £ e =

A Hasse diagram
IS a tree where
each node
corresponds to a . . . -
group of —
Isomorphic

graphs, and edges GROUP-AND-MINE-PARAMETERS(D)
between a parent 1  hasse-nodes < MAKE-NODES-FROM-PIPELINES(D)

and a child node hasse-nodes « MERGE-WITH-SAME-STRUCTURE(hasse-nodes)
for n in hasse-nodes

2
Al 3
indicate .

: Good_t 4 n.param-list «+— DICTIONARY()
containment = _ 5 for 4 in n.pipelines
= 6
7
8

params «+— GET-PARAMS-FROM-PROVENANCE(d)
params «— params +d .parameters
for p in params
9 if P .namenot inn . param-list KEYS()
10 n.param-list|P .name| = | |
11 n.param-list|p .name| < p .value)
12 BUILD-HASSE-GRAPH(hasse-nodes)
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Hasse
Diagram

Template and Pipeline
View Creation
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™ Dipeline View Preview 2J&d

Parameters B X

Name Default value values list Number of changes
() Float |omega_frame  |-0.06 |[-0.01, 0.012, -0.02, -0.0!(1uu] 178 time(s)

() Float | propagation_time 3.2 [0.1, 0.5, 1.0, 1.2, 1.5, 10{_..] 98 time(s)
() Float | vtkCamera6_Set... (0.0 | [-1.0, 0.0, 100.0, 15.0, 25(,..) 8 tme(s) , o yRead Viorks
() Float | SwitchCoord77_... |0.001 |[0.0001, 0.0005, 0.001, 1e{_... ] 6 tme(s)

() Float | vtkCameraé_Set |4.0 | [0.0, 3.0, 3.5, 4.0] [—] 4 tme(s) petce - HTTP Publshabled ith groups | | Fun_streams2_no_arrons
() Float | vtkCameraé_Set... [0.0 l [-1.0, 0.0) [Z] 2 tme(s)
() String | HTTPFile762_url_... b/’JGeO.'iXYZ.bin ]_'[‘htm:/'/".'m-.\-.phys.lsu.edu@ 1 tme(s)
() String | HTTPFile761 _url_... fboanGeOBq.bm l [’t‘tm://'v.'-/\-.\-.phvs.lsu.edu,m 1 tme(s)

. - -

aSeraams - HTTP AzretorQuadrant

Template and Pipeline
View Creation
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" Dipeline View Preview 2J&d

Parameters & X

Name Default value values list Number of changes
()Float |omega_frame | -0.06 | [0.01, -0.012, -0.02, -0.0i(n] 178 tmefs)

() Float | propagation_time | 3,2 [0.1, 0.5, 1.0, 1.2, 1.5, 10{_..] 98 time(s)
() Float | vtkCamera6_Set... |0.0 | [-1.0, 0.0, 100.0, 15.0, 25(,..) 8 tme(s) « ner yRead Vicels
() Float | SwitchCoord77_... |0.001 |[0.0001, 0.0005, 0.001, 1e{_... ] 6 tme(s)

() Float | vtkCameras Set. |40 ' [0.0, 3.0, 3.5, 4.0] [...] 4 tme(s) e — et e
() Float | vtkCamerad_Set.. lo.o |»[-1.0, 0.0 [Z] 2 tme(s)
() String | HTTPFile762_url_... h’JGeO:iXYZ.bin |>['l‘ttD:/'/"/.";c.\'.ohvs.lsu.edu,@ 1 tme(s)
() String | HTTPFile761_url_... bon/’JGeOBQ.bm ’»[’rtm:/'/"/."/c.\-.phvs.lsu.edu,(@ 1 time(s)

. - o

aSeraanns - HTTP AzretorQuadrant

Template and Pipeline
View Creation

input
omega_frame(-0.06)
rho_min(0.001)
propagation_time(3.2)
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Medley Creation and Mashup Generation

input

input
dev_file
title
train_file
cost
gamma

input
dev_data
title
training_data
cost
Gamma

COPPE/UFRJ
July 16, 2009
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800

OO +

100 SV

@ Training Data
[ Test Data

VM

OO +

10

»

@l Training Data
[ Test Data

Ouadratic

SvVmMm

OO +

10

[ Training Data
[ Test Data

RBF

"1 Turn on auto-update

dev_data | http:/ /www.sci.utah.edu/~emanuele/files /test

title [SVM

training_data http://www.sci.utah.edu/~emanuele/files/train

~ cost '0.25

GCamma 05

test_file ' http:/ /www.sci.utah.edu/~emanuele/files /test
» -

title SVM

train_file http://www.sci.utah.edu/~emanuele/files /train

“C 0.25

gamma .0.5

dev_file http://www.sci.utah.edu/~emanuele/files/test

title SVM

train_file http://www.sci.utah.edu/~emanuele/files/train

~ cost '0.25

gamma 0.5

( Update

~

. =,
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Medley Creation and Mashup Generation

NN AL W e T
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SRR Oy v

Create Simplified
View

input
yearly
show_surface
show_anomaly
db
month
from_year

to_year

Add to Medley

l

Create App
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Case Study:
Sharing Astrophysics Analyses
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Professor Joel Tohline’s group
Louisiana State University (LSU)

e Computational fluid dynamics =l
(CFD) technigues are used to —_——
model various astrophysical .
phenomena

- simulation of mass-transfer
iInstabllities in binary star
systems

¢ \/isualization tools and | |
teohniques to help them explore http://www.phys.Isu.edu/~tohline/vistrails/
the results of simulations
(VisTralls: VIK + custom analysis
modules)
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http://www.phys.lsu.edu/~tohline/vistrails/
http://www.phys.lsu.edu/~tohline/vistrails/

Binary Star System

e [wo stars orbiting around
a common center of mass
with an orbital period P

¢ \When the system is
viewed from a frame
rotating with an angular

frequency Qrqme = 2/ P,
the system will appear
stationary

e During a simulation, P

and {1 trame are expected What is the best measure of the
to vary true orbital period of the binary
system?
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LSU using VisTrails

¢ L Q- Joel Tohline

Using VisTrails

e Partl:

In July, 2007, Shangli Ou packaged all the material that is needed to run his 2D SCF code. Our idea is that this
code could be effectively linked into VisTrails to provide a simple GUI for all potential users. The
"Documentation” explains how to use the SCF code and it sketches the idea for developing a useful GUI.

1. SCF code: 2007, July
» scf2d vistrails tar.gz
» Documentation

Part II:
In August, 2008, Tohline and Z. Byerly began a more intense collaboration with Claudio Silva's research group

at the University of Utah. Our objective is to use the capabilities of VisTrails to visualize and routinely analyze
the results of astrophysics CFD simulations.

1. Example #1: 2008, July 28
= jetOBJrenderer.vt
= denl.obj [0.64 MByte ASCII]
= den2.obj (2.9 MByte ASCII)
* dend.obj [5.3 MByte ASCHI)

2. Example #2: 2008, August 6 - Files relevant to reading raw
data files into VisTrails.
= The following binary data files cach contain one 3D amray
[178 x 256 x 146] of type real*4
» big_endian binary files written from a Fortran program
= density
= radial-momentum
= angular-momentum
= vertical-momentum
o little_endian binary files written from a Fortran program
= density

COPPE/UFRJ N i -
July 16, 2009 (8 BF TEH VACET W 4

Tuesday, July 21, 2009
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LSU using VisTrails

C ML Q- Joel Tohline

Using VisTrails Y g o e v

e Partl:

In July, 2007, Shangli Ou packaged all the material that is needed to run his 2D SCF code. Our idea is that this
code could be effectively linked into VisTrails to provide a simple GUI for all potential users. The
"Documentation” explains how to use the SCF code and it sketches the idea for developing a useful GUI

1. SCF code: 2007, July
O 3 scf2d vistrails 2

=] > HTTPFile B Documentation
HTTPFile
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Using VisTrails

LSU using VisTrails
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Using VisMashups
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Limitations

e \/isualization systems must provide:
- access to pipeline specifications
- ability to identify and change pipeline components
- ability to execute pipelines

¢ [he produced mashups are not a substitute for more
comprehensive, domain-specific applications such as CDAT

® The integration of different libraries can sometimes be
complicated by a number of practical issues (GUI toolkit)

e Automatic layout does not guarantee the most appropriate
and intuitive interface is created
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Conclusions and Future Work
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Lots of work to do! (-:

¢ \/isMashup simplifies the creation of custom visualization
applications

- Developers can quickly assemble custom applications,

leveraging an existing collection of visualization pipelines
and their provenance

e Fvaluation of effectiveness and usabillity

e Explore more sophisticated techniques for mining pipeline
collections

¢ Build mashups collaboratively
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