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Thesis Statement

Effective exploration of scientific data requires a combination
of novel software and frameworks that provide users with
different goals and levels of expertise the ability to create,

modify and share their own analysis and visualization
workflows and tools




Motivation

e Data exploration through visualization has lbecome very important
for scientific research

e Challenges faced by computational scientists

- Most of them are not familiar with advanced visualization
techniques and tools

- The printed medium is not adequate for reporting complex
computation results

- Collaboration among large interdisciplinary groups

e Example in Astrophysics




The routine of an Astrophysicist
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Goal: Understand various
astrophysics phenomena

Binary Star Systems




The routine of an Astrophysicist
Developing algorithms

Simulation of mass-transfer instabilities in binary star
systems
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—Xplore results of simulations
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Integrate analysis

Analysis code with Vis tools

—Xplore results of simulations
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Complexity of
Data Analysis and Visualization Tools

® |[n general, they are too complicated for scientists
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A CUSTOMIZED PYTHON MODULE FOR
CFD FLOW ANALYSIS WITHIN VISTRAILS

By Jocl £. Yokiime, linghuo Ce, Wesley fven, and Lrik Anderson

A relationly simple, customiaed Python module that plugs ymaothly ato an otherwhe viandard workllow
wihin ViTrats faciitace s a quarciative analysin of complex fhaid flow in dmclaticns of merging Sinary stan.
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SWITCHCOORD PYTHON
MODULE

ere we present a complete listing of the Python code

from our customized SwitchCoord program module.
At the beginning of the "Physics Analysis” segment of the
code, we assign names to the data arrays that have been
acquired as input from vtkPLOT3DReadex: pcoords is a
tuple that identifies the Cartesian-based coordinate loca-
tion of each grid vertex, density is a scalar that specifies the
mass density, and momentum is a tuple that specifies the
values of the cylindrical-coordinate-based vector momen-
tum at each grid vertex. We detail the remaining logic of
the physics analysis in the main text.

import core.modules.module_ registry

from core.modules.vistraila_module import
Mcdule, ModuleError

import vtk, math

version="0.0.0"

name=~*SwitchCoord”
identifier="edu.lsu.switchcoord”

class SwitchCoord(Mocdule):
def compute(self):
minp = self.
getInputFromPort (“min_density”)
Domega = self.getInputFromPort (“Domega”)
dataset=gelf.getInputFromPort (~“dataset”)
output = gelf.create_instance of type|(
‘edu.utah.sci.vistrails.vtk’,

'vtkStructuredGrid’)

output.vtkInstance = vtk.
vtkStructuredGrid()

mydata=output.vtkInstance

mydata.Deeplopy (dataset.vtkInatance)

gelf.op(mydata, minp, Domega)

gelf.setResult ({*changed_dataset”,
output)

AHEFHERHNERHNARHEAAHEARE RN RN
#H

## Begin: Physics Analysis

#H
AHERHERHNEARHARHERHNERRERRNE RN

def op(self, mydata, minp, Domega):
extent=mydata.GetExtent()
pcoords = mydata.GetPointa().GetData()
density = mydata.GetPointData().
GetScalars(“Density”)
momentum = mydata.GetPointDatal().
GetVectors (“Momentum”)

maxnorm = 0.0
for 1 in range(0, mydata.
GetNumberOfPoints()):
[x, ¥, 2] = pcoords.GetTuplel (i)
[_vl, _v2, _v3] = momentum.
GetTuple3 (i)
p = density.GetValue(i)
Y = math.sqQrt(x*x + y*y)




Limitations of hardcopy documents

¢ | imited space

e Represent a snapshot of a given problem and solution

e Format doesn’t allow for transmission of supporting files such as
accompanying images, source code, or demonstrations of work to
iInterested readers

- “It's Impossible to verify most of the results that computational

scientists present at conference and in papers.” [Donoho et al.,
2009]

- “Scientific and mathematical journals are filled with pretty pictures
of computational experiments that the reader has no hope of
repeating.” [LeVeque, 2009]
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eno LSU using VisTrails

= - e Users have to go over
(50 sing VT :
Learning How to use VisTralls many (complicated)

. PartI: steps to reproduce

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 fl g u reS '
"Documentation” explains how to use the SCF code and it sketches the idea for developing a useful GUL .

. ScE e, 20710y - install software

« Documentation

. PartIL: download extra

In August, 2008, Tohline and Z. Byerly began a more intense collaboration with Claudio Silva's research group | | O rarl e S
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: 200!‘3.Jruly 28 o CownlOad example

W

denl.obj [0.64 MByte ASCII)

den2.obj [2.9 MBytwe ASCII) 4 ' fl eS
den3.obj [5.3 MBytwe ASCII) ' =

2. Example #2: 2008, August 6 -- Files relevant to reading raw - | . ' |earn h OW tO u Se th e

data files into VisTrails.
= The following binary data files cach contain one 3D amay

[178 x 256 x 146] of type rcal*4 f-t

= big_endian binary files written from a Fortran program SO Wa re
= density
= radial-momentum
= angular-momentum
= vertical-momentum

= little_endian binary files written from a Fortran program
= density

= radial-momentum

I—A
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Sharing Analysis

¢ \/isualizations are hard to share and reuse

Powerpoint files, screenshots, videos

—-lle dependencies

- Tools that are general and complex

- Often code is not multi-platform

e \/isualization portals (such as Many Eyes)

_Imited to a set of predefined visualizations

DO not support private data



Thesis Statement (Recap)

Effective exploration of scientific data requires a combination
of novel software and frameworks that provide users with
different goals and levels of expertise the ability to create,
modify and share their own analysis and visualization

workflows and tools




Outline

e Motivation
- Scientific Research Scenario
- Thesis Statement
® Framework
- VisMashup
- CrowdLabs
- Provenance Rich Publications
e Demonstration
e Summary and Conclusions
e Future Work




Context and Requirements

® Provenance

e Multiple libraries

e Access to High-Performance Computing Resources
e Different communities want their customized GUI

¢ [est results using an ordinary Web browser

e Control who can access the information

¢ [he tools for sharing and publishing results need to be integrated
with the tools the scientists already use
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VisMashup

e Create and modify
visualization
applications
more easily




Other approaches
Helping to create visualizations
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VisComplete: Koop et al., Vis 2008




Other approaches
Helping to create visualizations

|

VisComplete: Koop et al., Vis 2008

Detailed knowledge of the
underlying computational
components is still necessary




Other approaches
Helping to create visualizations with custom apps

A 5 % B . - T 50 ) |

WWW.avs.Com

Applications are costly to develop,
manually crafted for a given pipeline

BioFEM: a SCIRun PowerApp
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You are in Level 1 (Map and Table) of Dynamap

You can

- Select States by clicking on the map
- Zoom on the map

- Review the characteristics of the states
in the table
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Multi-layerered interfaces: Shneiderman, 2003




VisMashup

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

Uses dataflows as the underlying model

Keeps detailed provenance information of the application
development process and use

Acquire and Create Views Combine App generation
Analyze (Simplify Views and
Pipelines Pipelines) deployment




VisMashup Overview

Acquire and
Analyze
Pipelines

Create Views

(Simplify
Pipelines)

Combine
Views
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Supporting Social Analysis and Visualization of data
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Sweave: Dynamic Generation of Statistical
Reports Using Literate Data Analysis

Frcdnich Leich

Instyt fir Stk und Wabincheinhc hkemsthooniy, Tocheinehe Ursverutdt Wien, Wiedrer Hasptatralic
VM T A0 Wies, Austna

Absiract. Sweoave combines typoscttieg with PNIEX and dats aslysis with S mio stograted statistcal
documents, When run through R or Sphas, all dats amalywn outpet (tables, prapln, ... ) @ created on the
fy and mseriod int0 3 fmal PX document, Options conteol which parts of the onpical § code are shows
w0 or hadden foom the reader, rospoctively. Many S ssers are abo EIEX usars, honoe 20 new software has
© b leamned. The report can be astomancally updated o data or analyses change, wiich allows for suly
reproducible research

Keywords R, S, Inerate stathtical practioe, insegrased statistcal documents, reprodecibie research

1 Introduction

The taditional way of wrting a roport as part of 3 statiaticall dats analyais PrOROCt Eacs WO sCparate Vcpx
Find, the data are aralyrod saing oec’s fvonte satintical software package, and afierwards the rosslts of
the analyus (serrbens, graghs, ) 3¢ wed 3 the Sasa for 3 wntien report. In larger projects $5¢ two seps
mury be repeated alicrmately, Dot $he Basic procedure fermainn Bhe same. Maery statisscal softwase packages
&y 10 sppont than peocoss by gorcrateng pee-formatiod tables aad graphics St can casly b mncgrated
o 2 Enal soport muing copy-and-pusis from the data analiywis vyviem 1o the word procesce. The bassc
paracigm o %0 wrrie the roport around the resslts of e analywis

Ancther approach for msegration of data asalywis and document witing is to embed the analywn mael!
o the docwment, which revenses the tradosal paradigm . Over the last decade a sember of systoms have
beer developed thae megrate analyses and documentation and allos for Aserate sastlinicsd practice, see
Roossent (X01) for a servey

This new paradipen is peobadly sont popelar for creatios of dysasesc web puges aad offen completely
new possbilitios for feaching statitics and delivening stathvacal methodology over B¢ lntormet, Llg.,
the LxploRe systemn (Hisdie et al | 1999 provides means w0 embed statstical quantiens in web pages or
clectronsc books W0 orcate inleractive dovuments with direct access 10 a statistcal data asalysis pachage
Another eanrrple for a dysamic statistical analyss o2 & web page b given i Temple Lang (NOL), by
cxbeddisg R into sctacape & 2 plugin. Ropoet rendening o performad esng XML and XSL

We introduce 2 sow ayatem, callod Sweave, which combenes adeas froem both workds described above
wang literate programmicg Sools, The perpose is to cevale dymarmic reports, which can be spdated auto-
mascally if data or azalyws chamge, whille swing vindand tools for Soth daca azalywis and woed procemicg
Sweave is wnitten io B S ngsage, either the opea sosrce R IRt Tp 1/ /vww, R-projeot .org) or the
commrercad Sples thetp: /fwww. Lesight fol L com) cam e osad for statntical dats smalyws

2 Sweave files

Sweave source £y are regular noweb Blos (Rammacy |, 1995) with some additionad vystax at allows costrol
ower e Snal cutpet. Noweh s 3 wrple Inerate-programming ool which allows 1o combize program
source code and the comrespoading docurmentaton ieto & single e, These consst of a sequence of code
and documentation segrocnts, called chuweks . Differest command line prograss are usad o catract e code
(“tangle “) o typesct docemmentatos together with the code (“weave “)

A muzimal Sweave flc m bhows in Fagere L[, which contem two code churk crmboddad in & simpl
X docement, "<, ,  >>=" gt the hogisning of 3 line marks ¢ start of 2 code chenk, whille 2 "8 & the

Leisch, 2002
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Reproducible Documents
Other Approaches

Statistical Analyses and Reproducible
Research

Robert Gentleman and Duncan Temple Lang

Abstract

For vanious reasoas, it is impoetant, if not essential, to integrate the computa
tions and code used in data analyses, methodological descriptions, simulations,
etc. with the documents that describe and rely on them. Thes imegration allows
readers 0 both venty and adapt the statements in the documents. Authors ¢an
casily reproduce them in the future, and they can present the document’s con-
tents in a different medium, ¢.g. with interactive controls, This paper describes a
software framework for authoring and distriduting these integrated, dyvnamic doc
uments that contain text, code, data, and any auxiliary content needed 10 recreae
the computations. The documents are dynamic in that the contents, including
figures, tables, e1c., can be recakculated cach time a view of the document is gen
erated. Qur model treats a dynamic document as a master or “source”™ document
from which one can generate different views in the form of tradstional, derived
documents for different audiences

We introduce the concept of a compendium as both a container for the different
elements that make up the document and its computations (re. text, code, data,
), and as a means for distributing, managing and updating the collection,

Ihe step from disseminating analyses via a compendium 1o reproducible research
is a small one, By reproducible research, we mean rescarch papers with accom
panying software tools that allow the reader to directly reproduce the results and
employ the methods that are presented in the research paper, Some of the issues in
volved in paradigms for the production, distribution and use of such reproducible

rescarch are discussed

ve: Dynamic Generation of Statistical
rts Using Literate Data Analysis

Leich
fir Sastik und Wabncheinichkemsthoone, Tochzinehe Ursverutdt Wien, Wiadrer Hasptatralic
1o ATO0 Wies, Austna
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maeriod 180 3 fmal PX document, Options conteal which parts of the onpical § code are shows
n foomn the reader, sospoctively. Many § ssers are abo BIEX usars, hemoe 20 new software has
The report can be astomancally updated o data or analyses change, wiiich allows for suly

bl research
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The routine of an Astrophysicist
Provenance-Rich Documents
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Figure 1: Layout of the VisTrails workflow that is used to generate Figure 2. We constructed the base
workflow (everything shown excluding the custom-bullt SwitchCoord module and the Omega_frame parameter

(jOinJ[ work with Joel TOhliﬂe, CiSE 1 2(3), 201 O) specification) from standard VTK-based modules. A PDF document containing this figure can be obtained by

clicking on the “Download Workflow™ button.,

Figure 2: An image generated by our customized VisTrails & workflow using the indicated values of the three
variable parameters, Omega_frame ( = AQ), rho_min, and Propagation_time. The 3D-rendered image displays
eighl equatorial-plane streamlines and a pair of isodensity surfaces (lower density surface colored blue; h!gher
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Summary and Conclusions

e This is a new framework for simplifying the creation and deployment
of collaborative data analysis and visualization tools

¢ \/isMashup:
- Simplifies the creation of custom visualization applications

- Developers can quickly assemble custom applications, leveraging
an existing collection of visualization pipelines and their
provenance

- Generated apps are flexible and simple enough for end-users
e CrowdLabs:

- Facilitates collaboration and sharing among scientists and
visualization experts

- Scientists can create and publish new data products with minimal
iIntervention of expert programmers and |T personnel




Summary and Conclusions

e Provenance-Rich Publications

- Users can create documents whose digital artifacts (e.g., figures)
iInclude a deep caption: detailed provenance information which
contains the specification of the computational process (or

workflow) anc

associated parameters used to produce the artifact

- Supports the
documents

oublication on wikis, other \Web sites, or scientific




Future Work

Fvaluate effectiveness and usability of VisMashup and CrowdLabs
Use the provenance captured by VisMashup to improve GUI generation

Use distributed model for workflow execution that depends on the client
configuration (for portable devices)

e Advanced Provenance Analytics

- Workflow search engine

- Recommendations based on the types of file the user wants to
visualize

- The ability to connect people based on the types of workflows they are
interested in, etc.

e Improve Web-enabled interfaces and graphics (with 3D support)

e Add streaming and multi-resolution techniques for supporting remote
data
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