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Provenance in Art

Rembrandt van Rijn
Self-Portrait, 1659

Andrew W. Mellon Collection
1937.1.72

Provenance

George, 3rd Duke of Montagu and 4th Earl of Cardigan [d. 1790], by 1767;[1] by inheritance to his
daughter, Lady Elizabeth, wife of Henry, 3rd Duke of Buccleuch of Montagu House, London; John
Charles, 7th Duke of Buccleuch; (P. & D. Colnaghi & Co., New York, 1928); (M. Knoedler & Co.,
New York); sold January 1929 to Andrew W. Mellon, Pittsburgh and Washington, D.C.; deeded 28
December 1934 to The A.W. Mellon Educational and Charitable Trust, Pittsburgh; gift 1937 to NGA.

[1] This early provenance is established by presence of a mezzotint after the portrait by R.
Earlom (1743-1822), dated 1767. See John Charrington, A Catalogue of the Mezzotints After, or
Said to Be After, Rembrandt, Cambridge, 1923, no. 49.
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Buccleuch, Henry, 3rd Duke of
Buccleuch, John Charles, 7th Duke of
Colnaghi & Co., Ltd., P. & D.
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Mellon, Andrew W.
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Information Big Bang
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Science Today: Data Intensive
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Science Today: Incomplete Publications

Publications are just the tip of the
iceb~7
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C  pretty pictures of computational experiments that

Can

“It’s Impossible to verify most of the results that
computational scientists present at conference and |
in papers.” [Donoho et al., 2009] }f
“Scientific and mathematical journals are filled with

the reader has no hope of repeating.” [LeVeque,
2009]

“Published documents are merely the
advertisement of scholarship whereas the computer
programs, input data, parameter values, etc.
embody the scholarship itself.” [Schwab et al.,
2007]
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On Histograms and Isosurface Statistics

Hamish Carr* Brian Duffy

Barry Denby

University College Dublin

ABSTRACT

In this paper, we show that histograms repesent spatial function
distributions with a neamst mlghbou' nterpolation, ®sulting in
Ratums of the data,
mmmmwmhuhmmm

glvellwr ﬂlh" We also use
statistics to resolve some
mnbmmmnlqdm
Keywords: hi statistics
1 INTRODUCTION
lndndul

physical

sampled over a spatially de-
l'lnddmnh then reconstructed by interpolation, either using 2
Niter kermel or a geometric mesh. In either case, the Inkerpolation
method implicitly applies knowledge dertved from the spatial mia-
tionships between the sampie points to determine the function value
at previously unsampled points. This interpolation method 1s then
applied when visualizing the data.

Independent of the method 1s chosen for visualtzing spatial data,

the importance of individ-
ual Isovalues Is cruckal, ummumuﬂlmnlnn
cant Inputs to endering methods. In tum, importance is usually
nmnd-mgmnmnllh-wlepom moommlylh

also confirm a previous observation [4] that Marching Cubes gen-
erale an average of 2.05 triangies per cube.

2 Previous Work

are one of the oldest

sents the number of cbservations with a given valwe.

In computer graphics, image processing and visualization, his-
tograms am ofen computed for the pixel (or vaxel) values in a sam-
pled data set. This information Is then used for histogram equaliza-
tion (6], manual transfer function construction [6, 9] and astomated
detection of signincant isovalues [16, 17].

Aswwnlunﬂnmlmhm'mm—u

and It is 10 observe that some
mhmmwlmnlxway vlhnedhnl-leean-
puied isosurface staistics based on specific interpolants
however, wembhwms&-dhmhtvmnh
assumed

for assessing function distributions.

Baja), Pascuccl & Schikore [1] displayed isosurface statistics and
topology In thelr comtowr spectrum 10 give users cues 1o InkeRsting
tsovalues. These Isosurface statistics were computed precisely in
plecewise poly nomial form based on an assumed lnear barycentric

well-known histog

of the m;wlhmlrﬂzbyblll~ﬂlml

and displaying a bar graph of the number of sampies in each bin.
Histogram computation, however, assumes independent umpm

with no inherent whike spatial ng assumes that

samples whem close spatial nundlq:uWynmlllm

because
dﬂnwnmlyuhhlm-ulmmm and bocause the
histogram was developed In contexts such as population statistics,
where no meaningful spatial inferpolant exists.

In Section 4, we show how 1 remedy the defects of the hs-
togram by substituting Isosurface statistics, which !M mbnnuly
betier mp At lietie addi cost. We these
defects, and the IWM Of Isosurface statistics, by compar-
ing Mstograms with Isosurtace statistics for a variety of mal data

sots made avallable on the inermet
In Section 7, we use our lsosurface mn:lnmmm
existing of we show

that 1oh & Koyamada's estimate 8] of o(/v’/’) 15 an undemsti-
mate, and that the observed relationship s closer to O(N*). we

‘e mail hamish carr@ucd e

P over simg oells.

mswyli&m(h?ﬂ-u these statistical
computations 1o individual used discrele approxima-
tions of thelr statistics by counting and summing individual sample
valwes: this can be viewed as using nearest nelghbour interpotation
for their statistics, Le. using histograms.

mwmamuﬂwuundﬂtm
surface statistics o
1sovales. lnﬂlﬂnﬂ!!mmwwm&
Laplacl nnd at which signin-
mbm-l.yemmocanad Given the discrete nature of the
Laplacian computation described, the effect of this is o convolve
the image with a small interpolation kermnel, then compute the his-
togram. Again, this Is performed on Indw idual vaxels, and neither
ASSUMCS 10T CIMPIOY S an mpol-uwtn AReTAng statistics.

Loe & Mach 10 multy-

amwim-udmamwahcu
higher-order moments, but used single Isovale bins without spa-

tial mterpolation.
Thus, although both tsosurtace statistics and histograms Me
been wed 1o denury and other prop

data sots, ummummmuumwuuoww
not both, and the relationship between these two approaches has
m unexamined. In this paper, our principal aim s o examine
-w unu“lmmnaw

of function di than

lmumwmnuﬂuliummlym
of Isosurmace extraction algorithms, which typically exploit
the ract that &, the output cost of madering, Is significantly less

Revisiting Histograms and Isosurface Statistics

Carlos E. Scheidegger  John Schrainer

Abstract—He cent resuits hawe shown a ink batwean

Brian Duffy =~ HamishCarr  Claudio T. Siva

of of the

data However, this has two delects: mtuanmmmmmnnmmmmnm
geometric

sampiad
computad are not aways inveriant undar
measure Meary 1o explain these disce

pancies. We describe an
inverse gradient magnitude, develop a statistical moce| that is ivariant undar
mmmm“u:nmm We use our

this provices a method for

We apply Fagerars Coama Formula from
for basad on with the

ana argus nat

that noise is ona cause of

comecied formulation to mevalusie recent resuts on average

the discrepancy batween the expacied figure and tha obsamved one.

1 INTRODUCTION

lnm-mcmdmduvhulzm ‘we commonly unphyn
as thmdovuacawmn

ML These am d points using

mmmbm&nﬁmunﬁnmmamh
ofa grid When data, we work di-

rectly on the continuous function, which is mathematically and com-
putationally convenlent.
Since humans a® not good at large of nu-

of the isosurface statistics using a celebrated result in geometric mea-
sum theory: Federer's Coama Formula [12]. This formula allows one
to ®lak inlegrals over kevel sets of a function to inegrals over the do-
main on which the function is defined. Cructally, it has the effect of
normalizing isosurface statistics to the packing density of the isosur-
faces, allowing us to comect the problems identined and propose im-
mdnmm &umunwumm-mm

ma

merical data, visualization seeks to map numerical properties of this
mnmnmbvmmnthscum‘—“ and

mhmdnnmmnmho(nm)nmm.nny

saturation or to g such as bound: and edges.
Thns.onotu:nnlmpsmvlmlzmsbm:nwnanm
the function to visual Mmmm

T the paper, we use the term “level set” mostly
nmwnmuwmmummmr
when we want to dismegard the p Isovalue d 1o the set
dpomslnlhmlml.e
am as follows. We bulld on the work of Carr

properties. Defining
on understanding the frequency and possibly the spatial
the numerical vales.

b have been computed with his-

function
tograms, which simply count the number of sampies with each func-
tion valwe. However, mwﬁbymunlml’nhwndu
there are serlous p in using a
function n m
that the reconstruction uses a bax filter (07 nearest neighbor interpola-
tion).

ellL[B].ud a mom

based on Federer's Coarea Formula (FCF). 1t clarifies the subtle re-
lation between and Isosurface areas, and, cructally, shows
the roke of gradient magnitudes in that relatioaship. It also provides
a well-founded way 1o compule expectations over all Isosurtaces in a
volume. Practically, we suggest using the cell span as an approxima-
ton for gradient magnitude, and provide ex perimental evidence for the
validity of this approx imation. Finally, we revisit Carr et al. s study on

Umﬁuobuwmmau (3] prop several average and study the effect of volume note In
statistics that converpe faster than histograms. These are based on  those estimakes.
the i areas 85 of higher-order In- This paper Is organized as follows. Section 2 briefly reviews mi-

ferpolants on the domain. In addition, the authors related their statis-
tics (and, impiicitty, the histogram) to the algorithmic complexity of

evant previous work, while Section 3 summartzes the contents of the
;nm-mmm ‘We then introduce the FCF In Section 4, and use
100l to develop an formulation of isosur-

ng & larger (O(N"32)
mmmnmo(nu’)pvmrypuwm whnlhpvpond
statistics certainly wo p

be identined. nmu-m-upmnmmaummm
histograms. Second, the mathematics suggest some counter-intustive
results about the average complexity of Isosurtaces in the domun,
Here, we use the ferm “comvergence™ 10 mean that as we uw Increas-
mly nner grids, the functions approach some Hmit func-

ln this paper, we address these 1ssues by mvisiting the development
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mmuumms based on dividing the statistics by the 1o-
cal gradient magnitude of the continuous function. In Section 6, we
extend the application of the FCF to the computation of average iso-
surface complex ity, and show that them exist transformations that pre-
serve kevel sots, but change the onginal Isosurface statistics (we will
make this notion prockse ). We also show how 10 compuie the average
complexity 1n a way that implicitly accounts for any such transforma-
tons, and explain the discrepancy In the orginal results. In Section
7 we confirm that the average lsosurface complexity of a function,
when sampied increasingly finely in a domatm, s O(N?/7). We aso
mvisit the expertments of Car et al. [3] in light of the comected mnte-
gral formulation. In our expersments, we find an even higher average
complexity, of O(N®%). Fmalty, we show that notse seems 1 largely
explain this high ngume, by performing & set of experiments on syn-
thetic data. We then summartze our results in Section § and speculate
on future directions of msearch in Section 9.

2 PREVIOUS WORK

|Ilqmn|bnmmpal~.|d:hommm
and visualization. It ks one of the oldest echmigues avallable for dis-
playing data [6], and 1s often used as the basis of echniques such as
histogram equalization [S), which dennes 2 non-linear transfer func-
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The Need for Verifiable Visualization

he use of simulation science as a means of

scientific inquiry is increasing at a tremen-

dous rate. The process of mathematically
modeling physical phenomena, experimentally
estimating important key modeling parameters,
numerically approximating the solution of the
mathematical mode, and computationally solving
the resulting algorithm has inundated the scien-
tific and engineering worlds. As increasingly more
science and engineering practitioners advocate
the use of computer simulation for analyzing and
predicting physical and biological phenomena, the
computational science and engineering commu-
nity has started asking introspective questions,
such as'

® Can computer-based predictions be used as a re-
liable basis for making crucial decisions?

® How can you assess a computer-based predic-
tion's accuracy or validity?

® What confidence (or error measures) can be as-
signed to a computer-based prediction of a com-
plex cvent?

Those rescarchers outside traditional computa-
tional engineering and science arcas (traditional
areas such as computational fluid dynamics [CFD]
and computational solid mechanics [CSM]) are
somctimes shocked to hear these questions being
asked, as they often have assumed that these types
of issues had been settled long ago—at the incep-
tion of computing and computational modeling. A
study of the computational science and engineer-
ing (CS&E) literature from the past 40 years clearly
shows that these questions have not been ignored

Scientists who employ computing for solving
problems have always been concerned with accu-
racy, reliability, and robustness. It was not until
the past 10 years, however, that the CS&E com-
munity has joined together in an attempt to gen-
crate a unified perspective from which to evaluate
these questions. The consequence of these efforts
has led to what some are calling a new CS&E
discipline—validation and wverification, or V&V,
which secks to articulate processes by which we

September/October 2008

Publiched by the IEEE Campuser Sockty

can obtain answers to these questions. Let us take
a closer look.

Validation and verification

Figure 1 shows the common simulation science
pipeline consisting of the physical phenomena of
interest, mathematical modeling of the phenom-
cna, simulation, and evaluation (often through a
combination of postprocessing and visualization).
It also identifies where validation and verification
fit into this process (we will further explain these
terms later in the article).

Scientists frequently use visualization tech-
niques to help them assess their simulation re-
sults. Visualization is the lens through which
scicntists often view modeling and discretization
interactions—hence, visualization itself must be
explicitly considered as part of the V&V process.
Simulation rescarchers often create their own vi-
sualization tools, claiming that they “don't trust”
visualization techniques that they themselves have
not implemented. CFD rescarchers creating visu-
alizations of their own data joke that they are ex-
perts in the presentation of their own brand of
CFD: colorful faulty dynamics. Such a statement
can only be truly understood in the light of the
V&V process; it is the means by which simulation
scientists gain confidence in their algorithms and
implementations as well as those by others within
their community. To gain the simulation commu-
nity's confidence, the visualization process must
come under this process's umbrella

Visualization techniques have lagged behind in
error and uncertainty analysis of the methodology
as a component of a larger scientific pipeline. Little
systematic rescarch efforts have addressed quanti-
fying and minimizing the visualization error bud-
et (a concept we will discuss later in the article)
Furthermore, there is a real need to look at this
visualization error budget in the context of the er-
ror that the rest of the computational pipeline gen-
crated and how it impacts visualization algorithms
(note that this is distinct from the area of “error
and uncertainty visualization,” which is concerned
with visualizing errors and uncertainties).

02721608525 00 © 2008 EEE

“The Need for Verifiable
Visualization”

7/

Example 1:

Example 2:

“Recent work details a case in which a
misleading volume visualization led to
unnecessary surgery for a patient.”

“Uncertainty Visualization in Medical Volume Rendering
Using Probabilistic Animation,” IEEE Transactions on
Visualzation and Computer Graphics. 13(6).

1648-1655, Nov-Dec. 2007.




e Rate of mismatch for topology invariants for topologically
correct algorithms

Digital Topology (%) SMT (%)

Consistency (%)

BettiO Bettil Betti2 Euler Euler
MC33 0 2.4 1.1 2.4 3.4 5.4
Dellso 19.1 24.4 0.1 20 37.2 33.2
MCFlow 0 0 0 0 0 0
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e Rate of mismatch for topology invariants for algorithms
without topological guarantees

Digital Topology (%) SMT (%)
Consistency (%)

BettiO Bettil Betti2 Euler Euler

VTKMC 0 27.6 23.2 27.6 435 70.7
Afront 0 35.9 22.8 359 475 25.5

Macet 0 54.3 20.9 543 64.0 100.0
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Provenance in Science

When P tpdrniats, Tests v
Not a new issue!
Lab notebooks have i) i W . Sy
S ’?J“’N- =~0 o
been used for a long time i "{"‘Z*W‘“’w‘*m |
: o ' - '
? ) _
What is new: ;o Annotation
- Large volumes of data s =
" - 4 Flaale it
- Complex analyses— R O T AU
computational processes i
Writing notes is no i e ek
longer an option w1 eemor | Observed
| data
SHacals

DNA recombination
By Lederberg
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Provenance in Science

Interpret and reproduce results

Understand the experiment and chain of reasoning
that was used in the production of a result

Verify that an experiment was performed according to
acceptable procedures

Identify the inputs to an experiment were and where
they came from

Assess data quality

Track who performed an experiment and who is
responsible for its results

Provenance is as (or more!)
important as the results

Provenance-Rich Science Juliana Freire
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Vision: Provenance-Rich Science

Get template from the electronic
notebook system adopted by her

g group, which manages the

metadata catalogs, version post-doctoral
°°°°°°°° contrnl cvvetame winrlcflmae and researcher

=[] an While she plots distributions from
_the results of a new workflow, the
system analyzes previous workflows

Joog »

— and suggests quantities to plot that
== | were frequently used in similar i

0o00oooo >

Da ta mining a/gorithms ide, vikStructuredPointsReader
commonalities and differen: /\

0oooooootho »

vtkDataSetMapper n

between her analysis and tl —/
\:> other group members, and -

P PN PN L -y R P o B

She identifies an error in the simulation % K
code, updates it and tells the system t0 wofemess

(@ re-run her analyses that depend on the
simulation results =

Juliana Freire

vtkRenderer

Provenance-Rich Science
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Vision: Provenance-Rich Science

publication post-doctoral
researcher

She prepares a
presentation to her group
and later journal submission
where she includes the
results and their
provenance.

—
Provenance
Repository

/o:b = ===
ST TS E
>
=

- presentation
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Exploratory Visualization

- MatlabAddPath
MatlabRunCommand
MatlabArguments
MatlabResult
MatlabSplitResults

B vtkBaseModu
& vtkObjectBase
& vtkObject
B vtkimporter
vtk3DSImporter
- vtkVRMLImporter
B vtkinteractorot
& vtk3DWidget
vtkBoxWidget
& vtkPolyData
vtkimag...
vtkimplic...
\tkPlane...
vtkimageTr...
vtkLineWidget

VisTrails - Spreadsheet - Untitled

[=1Fallx
Properties @
N -
Tag: Density Field Volume Render | L4

User: eranders
Date: 13 Sep 2007 12:33:45

Notes:

In this workflow, we describe the density
field induced by the particles in the
cosmology in question. This density field
is visualized by a volume rendering the
field with an appropriate transfer
function. Tones in red represent
extremely low density regions whereas
blue hues depict areas of high density

Imposing error analysis methods here
would greatly help validate the accuracy
of the visualization.

“The Cosmic Code Comparison Project,” Ahrens, Anderson, Heitmann, Habib, et al




VisTrails: Managing Exploration

Comprehensive provenance infrastructure for computational
tasks

— Data + workflow provenance

— Treat workflow as a 1st-class data product

Support for exploratory tasks such as visualization and data
mining

— Task specification iteratively refined as users generate and test
hypotheses

VisTrails manages the data, metadata and the exploration
process, scientists can focus on science!

Not a replacement for visualization or scientific workflow
systems: infrastructure that can be combined with and
enhance these systems

http://www.vistrails.org




Keeping Exploration Trails

Workflows Data Products
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Keeping Exploration Trails
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Change-Based Provenance [s

* Records actions

* Provenance = changes to
computational tasks

— Add a module, add a connection,
change a parameter value

ny N
e Extensible change alge.. .
\
4 : fei
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[Freire et al, IPAW 2006]

Change-Based Provenance

Records actions

Provenance = changes to
computational tasks

— Add a module, add a connection,
change a parameter value

Extensible change algebra
A vistrail node v, corresponds to the

vistrail

| x;

workflow that is constructed by the O
sequence of actions from the root , X,
tov

t @
V,=X O X, ,0 ..0X,0 @ i x3
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UV-CDAT

e Ultra-scale Visualization Climate Data Analysis Tools

Ultra-scale Visualization Climate Data Analysis Tools (UV-CDAT) Architectural Layers

VCDAT & Scripting

VisTrails

CDAT Core
*Provenance Capture

*Provenance Analysis
*Workflow View
*Workflow Execution
*Parameter Exploration

Loosely Coupled Integration

Tightly Coupled Integration — VTK/ParaView Infrastructure Parallel
Streaming

cdms cdutil genutil

0
=
]
<
(]
=3
o
=
o
®

80UBUBAOIH

*File /O (parallel I/O, CF) *Spatial averages *General

Contributed *Variables & Types *Temporal g isti
*Metadata *Custom seasons *Convenience

Packages *Grids (SCRIP, Gridspec) «Climatologies functions

*Python code Numpy
*C/C++ code

*Java code (jpype)

*Fortran code (f2py,

pyfort)

*R

Python Core

Package Support

|@iiNe ¥R Lo niamos ; U
w Mrearaview \\‘\r(Kitware

27




UV-CDAT (under development)

FILE VARIABLES PLOTTING

Dieciory w3 momere.le_cans &| @ & EI|E | Por | eom s ko

B computer cdf YinmI 2 e ¥1932-1-1 0000 | = o (& -2
cdlest: 3.xml - - time 108512100004 | | Ppuine | Miskey Ouery  E
y, S—— : ]
= X-ifde  E—
Fle vemanuele/sreiodat_bulklsample_datacitne CRD H T
Variable [ cll (120, 46, 72) [Total clos & Define || ¥-longitude "’w—‘ IStOI’y ree
1750
DEFINED VARIABLES
4
ZPRE B MW o
" . Total Cloudiness 1979
VisTrails VCDAT
(@] ST [ VisTrails Shell
VisTrails shell running Python 2.6.4 (r264:75821M, Oct 27 2009, 19:48:32) VisTrails Shell

[GCC 4.9.1 (Apple Inc. build 5493)] on darwin.

Type “copyright”, “credits” or “license” for more information on Python.
>>> import vcs, cdms2

>>> cdat = load_package(’CDAT")

>>> cdmsfile = cdms2.open(’/home/emanuele/src/cdat_bin/sample_data/clt.nc’)
>>> data = cdmsfile(’clt’)

>»> q = cdat.quickplot()

>>> q.dataset = data

>>> run()
Main View Window

J Ele & epea~

Visualization Spreadsheet

\ Shesat1 [/




Display Wall Support
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VisTrails Plugin for ParaView




Sharing Results




Sharing Analyses and Collaborating

®0o0 LSU using VisTrails
[ « I 2 ] + |63 http: / /www.phys.Isu.edu/~tohline/vistrails / c] [ Q~ Joel Tohline )
[ #  Most Visited Getting Started  Latest Headlines (1490) Bolsistas at...- Doutorado  vnc://sage »
SRM - VISO9 l LSU using VisTrails I +
Learning How to use 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
e 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]
= den2.0bj [2.9 MByte ASCII]
= den3.obj [5.3 MByte ASCII]
2. Example #2: 2008, August 6 -- Files relevant to reading raw
data files into VisTrails.
= The following binary data files each contain one 3D array
[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
= little_endian binary files written from a Fortran program
= density 4
= _radial-momentum )
Vi

Web

Provenance-Rich Science

Users have to go through
many (complicated) steps
to reproduce and validate
results:

— install software

— download libraries

- download example files

— learn how to use the
software

— manipulate workflows
Science portals and

customized apps are too
expensive to develop

Juliana Freire




VisMashup

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

Uses dataflows as the underlying model

Keeps detailed provenance information of the
application development process and use

Acquire and Create Views
Analyze > (Simplify
Workflows Workflows)

Combine

\Views

[Santos et al., IEEE TVCG 2009]

Provenance-Rich Science

App generation
and deployment

Juliana Freire




Acquire and
Analyze
Pipelines

VisMashup

Create Views
(Simplify
Pipelines)

Combine
Views

App generation

and deployment

Deploy visualization applications

on different configurations

[XeXe)

http:/ /www.vistrails.org/vismashup/main.html|

Web

ED + |3 http: //www.vistrails.org/vismashup/main.html

[ ¥  Most Visited Getting Started  Latest Headlines (121) Bolsistas at...- Doutorado Info - Comm...ity of Utah SSDBM2009: ...ce Program  Viswiki - VisTrailsWiki CS193P - C...ouncements

¢ l(a

»

Selecta medley: | climatology v

| yearly

show_surface

V| show_anomaly

db 1 =
=)
month A
=)
from_year 199 =
=
[ to, 006 |5
=)

800

VisMashup

Portable
Devices

[Santos et al., Submitted 2010]

yearly M

. db 14

month 8

to_year 2006

: show_surface " v

; show_anomaly | v

from_year 1999 v

"'"Turn on auto-update
Update Quit

N

7

Provenance-Rich Science

Desktop
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Social Analysis of Scientific Data




Social Analysis of Data

Sharing data can have important implications to science

— Sharing of Data Leads to Progress on Alzheimer’s, NYTimes, Aug
12, 2010

Should also share analyses, visualizations, tools!

ManyEyes, Swivel, Tableau Public: collaborative
visualization

— Limitations: small, tabular data; fixed set of visualization
techniques; no provenance

myExperiment: focus on bioinformatics-related Web
services, share workflows

- Limitations: can’t run workflows; no provenance

nanoHub: focus on nanotechnology, share tools, Web-
based access to HPC resources (grid, cloud)
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Social Analysis of Scientific Data

New requirements:
— Support for large data
- User-defined visualizations and analyses

— Execute workflows close to the data
- Provenance 0 e B Ol

crowd

Preliminary work:

Benefit from the collective wisdom: by querying analysis
specifications which make sophisticated use of tools,
along with data products and their provenance, users
can learn by example from the reasoning and/or analysis
strategies of experts
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eno nanoHUB.org - Resources: Tools: UV/Vis Spectra simulator: Session: 302827 "UV/Vis Spectra simulator” =

’\4_)2)- ) () () (@unanohubiorgy httos:/ /nanohub.org/tools /uvspec/session/ 302827 wv) manyeyes Q)

Most Visited - phpMyAdmin@bruce  Viswiki - VisTrails

Getting Started  UofU Library _ Bolsistas ativos - D... _Latest Headlines 3 Adobe® Flex™ 3.4 L. »

eno myExperiment - Workflows - Lymphoma type prediction based on microarray data (Wei Tan) [Taverna 2 Workflow] o

© o [ ] .
oy v@' () () () (@ hup:/ www.myexperiment.org/workflows/ 746 v~ ) manyeyes Q)
Most Visited - phpMyAdmin@bruce  Viswiki - VisTrailsW... Getting Started UofU Library  Bolsistas ativos - D... Latest Headlines 3 Adobe® Flex™ 3.4 L... »
UV/Vis Spectra simulator . - N S . : o]0 d d
n
x)

expe ri ment ;::ff::u::sm"" List ] Logout | &’ Give us Feedback | 3, Invite

@ simuiate D et
Home Users Groups Files Packs
Resut[ecutar Swuchre el

I Home » Workflows » Lymphoma type prediction based on microarray data © BookmARK o 0 K New/Upload

Entry: L type prediction based on mi data Workflow %) (G0)

Croated at: 11/05/10 @

90430  Last updated: 11 19.04:32

License | Crodis (3) | Atrbutions (0) | Tags (11) | Featured in Packs (0) | Ratings (0) | Atibuted By (0) | Favourted By (0)
Citatons (2) | Version History | Reviews (0) | Comments (0)

© Version 7 (latest) (of 7) View version: (7 (atest) 1 Workflow Ty =
L] ype
Emanuele
Version created on: 11/05/10 @ 19:04:30 by: Wei Tan | Revision comments (Y e Santos
N & My Profile [edt]
Title: Lymphoma type prediction based on microarray data O Original Uploader oM
~ (4 My Messages
o ' ' l l l e - Type: Tavema 2 2= My Memberships
v 4 ) My History
© Preview My News
-
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/ & Maddui
Share session with (ef 2 (Share) (Session s currently nots cmop_estuary. 4 s
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What does it mean L ] Hide Version History emanuele [ ] Otags.
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Add Tag
®eno The Geography of Diabetes | Tableau Public — Workflows in
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Publishing Scientific Results




cientific Publications and Provenance

First pudlisted March 17, 2008 doi:10.1
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METHODS
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cyclisg shoes

General testing sequence. On reporting to the laboratory, training,
racing, and medical histories were obtained, body weight was mea-
sured (*=0.1 kg), and the following tests were performed after in-
formed consent was obtained, with procedures approved by the
Internal Review Board of The University of Texas at Austin. Me-
od for chanical efficiency and the blood lactate threshold (LT) were deter-
mined as the subject bicycled a stationary ergometer for 25 min, with
work rate increasing progressively every 5 min over a range of 50, 60,
70, 80, and 90% V05 max. After a 10- to 20-min period of active
recovery, VO max When cycling was measured. Thereafter, body
composition was determined by hydrostatic weighing and/or analysis
of skin-fold thickness (34, 35).
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Scientific Publications and Provenance

"raw data from the January 1993 test that revealed several
additional deviations from the published methodology. Coyle
used a 20-min ergometer protocol (not 25 min), including 2-
and 3-min stages where respiratory exchange ratios (RER)
exceeded 1.00. An RER >1.00 invalidates use of the Lusk
equations (5) to estimate energy expenditure.”

"...all of the published delta efficiency values are wrong. ...
there exists no credible evidence to support Coyle's conclusion
that Armstrong's muscle efficiency improved.”

:http ///ap ph ys:o/ogy org/cgl/content/full/ 1 05/3/ 1 020

odSLaulC weigig a UL alldalrysid
f k fld th k (34 35)

R http://en.W|klped|a.orQIW|k|/SC|ent|f|c_m|sconduct
http://ori.dhhs.gov/misconduct/cases/
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Provenance-Rich Publications

Bridge the gap between the scientific process and
publications

— The scientific record needs to be complete and trustworthy
Show me the proof: Publish results that can be
reproduced and validated

— Papers with deep captions

— Encouraged by ACM SIGMOD, a number of journals and
funding agencies

Provenance-Rich Science Juliana Freire
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Provenance-Rich Publications: Benefits

Produce and more knowledge

Allow scientists to stand on the shoulders of giants
(and their own...)

Science can move faster!
Higher-quality publications
— Authors will be more careful
— Many eyes to check results

Describe more of the discovery process: people only
describe successes, can we learn from mistakes?

Expose users to different techniques and tools:
expedite their training; and potentially reduce their
time to insight

Provenance-Rich Science Juliana Freire 44




Provenance-Rich Documents

CrowdlLabs: Social Analysis and Visualization for the Sciences
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Publishing with VisTrails

2] Web Repository Options

( Login to Repository Puch VicTraile tn Ranacitary 1

.

crowdLabs : Workflow Details

(> ‘\Q,-' .9, ‘\ir' ([} ( http://www.crowdlabs.org/vistrails jworkflows /details/32/ 55 v ) (*§=( Google

v i pr M~ & Share v

] ¢
1 R crowdLabs : Workflow Details ﬂ + |

(TY 1 %/
crowd

Coogle "merelythea v = *§ Search ~ ) Sidewiki v fi Bookmarks v v »

Embed this Work
In the Browser

Profiles  Vistrails | Workflows | Vismashups

climatology

Show Workflow

Packages

<a href="http:1/,
src="'http: //www
fedl00catassshay.

rsdene' EAAm " I

In LaTex ¢

\begin{figure} [t]

\centering/{

\vistrail [wfid=32,buildalways=false] {width=0.E%
\caption{Columbia river virtual estuary: visue
www.crowdlabs.org/vistrails/workflows/details/
\label{fig:cmop}

\end{figure}
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The Provenance-Rich Paper

Provenance Management - Claudio Silva



Provenance-Rich Publications: Challenges

Expressing computational processes
— Use workflows: one per result reported in the paper
— Semantics

Packaging software

— Software versions, environment

— Virtual machines

Shipping data

Computational infrastructure

— Support multiple OSes, multiple versions of tools, ...
Who will pay for it?

— Publishers? Libraries? Authors?

Longevity

Provenance-Rich Science Juliana Freire
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Provenance and Teaching (1)

e Leverage provenance to improve the way we teach
CS and Science

http://www.vistrails. org/mdex DhD/SCIVISFa||2008
 Lecture proven '

\ W !
i
< \’lﬂml"fi'vm‘v
[ g W'
E//Bat*ground\\ M | W

"'\/, S l \\‘\t;\ W { |

ol B
it

Figure 5.2: Plots of the Mauna Loa data set showing monthly measurements (left) with the
yearly trend (right) using the principles for improving vision. The plot on the right is the
same that was shown previously in Figure 5.1.

Year
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Branching Factor of Version Tree

Provenance and Teaching (2)

* Homework provenance provides insights
regarding

» Task complexity and nature: number of actions;
atriictiiral ve narameter rhanneq: tack diiratinn

1.020

1.015
|
/o
/
7
@
A

1.010
|

°\° Branching Structure for

\ 1 : ' Task 3 of User 1
o~ - o , CIN

T R |

: [Lins gtial., SSDBM 2008]
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Provenance and Teaching (3)

* Homework provenance helps students and
Instructors to collaborate
- Student is stuck, sends his provenance

* Instructor understands student’s problem, provides
hints---student can see what instructor did!

* They can also collaborate in real time [Ellkvist et al.

IPAW 2008]

Provenance Management - Claudio Silva
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Using Provenance to Teach Electronic Media

«

[Langefeld and Kessler,
Submitted 2009]

“[...] The students have gotten to the point where they
demand the VisTrails files for every demonstration just
after | complete [it]”

“I...] students used [a vistrail instead of a reference
model] 62% of the time”

Students who used provenance produced higher-quality
models
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Provenance-Based Tutorial for Maya

Autodesk Maya 2008: C:\Users\stevec\Documents\maya\projects\project5\untitled.mb =B8] = Provenance Recorder - new_spaceship.vt* =B8] =
File Edit Modify Create Display Window Lighting/Shading Texturing Render Toon Paint Effects Fur Help File Edit View Tools Help

Generall l:uwesl Surfaces Polygons I Subdivsl Deformationl Animationl Dynamicsl Henderingl PainlEffectsI Toon ] Fluids | Fur | HaiLlL % =) U ’ [ § @‘5
— = - B : |

[OFE
l l - ) : :' , y .‘t‘ : k‘<’ E
] | = L8 Tag:
|v 3 5 ;

Action:
User:

Date:

e 20 s [t -] O

Play/Pause the animation

53
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Conclusions and Future Work

Provenance management is essential for data-intensive
science
— It is a requirement and an enabler!

Sharing provenance creates new opportunities

But it also creates many challenges

— Integrate provenance from multiple sources

— Efficient storage, querying

— Packaging provenance for publication and reproducibility
— Longevity ...

Great opportunity for computer scientists!

Provenance-Rich Science Juliana Freire

54




Acknowledgments

Thanks to VGC and VisTrails group

This work is partially supported by the National
Science Foundation, the Department of Energy, an
IBM Faculty Award, and a University of Utah Seed
Grant.

Center for Coastal =
Margin Observation DOE SciIDAC VISUALIZATION AND ANALYTICS U%E\{JETP/‘\S:ITY
& Prediction CENTER FOR ENABLING TECHNOLOGIES

..llll:
National Science Foundation mnne s G PN A4 %
| | . £ G aansas. CENTER

| N NN NN NN NN

Provenance Management - Claudio Silva 55




