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Data Exploration and Visualization: Today

e Scientists need to make sense of increasingly large volumes
of data

e Oceanographers: understand nature, environment and their

e

INteractions

[Spitz et al.]
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Data Exploration and Visualization: Today

e Scientists need to make sense of increasingly large volumes of
data

e Oceanographers: understand nature, environment and their
iInteractions

e \/isualization is instrumental to understanding simulation results

and obtain insights

- |[dentify interesting features

- Correlate information
from multiple models

- Interactively explore data
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Challenges: Volume and Complexity

e Observation and modeling of multiple systemsat multiple scales

- Scientists need to collaborate: biologists, chemists,
oceanographers, computer scientists

¢ \/ery large number of data products, sensor measurements,
and results from numerical models

e Cover more than 10 years of experiments: occupy over 30 TB
of storage

[CMOP Simulations - OHSU, OSU, CROOS]
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Challenges: Volume and Complexity

e Observation and modeling of multiple systemsat multiple scales

- Scientists need to collaborate: biologists, chemists,
oceanographers, computer scientists

* Vel Need tools to support the data exploration and

an visualization
e CO

of

Need data and process management
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The need for provenance
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The need for provenance
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Provenance in Art

Rembrandt van Rijn
Self-Portrait, 1659

Andrew W. Mellon Collection
1937.1.72
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Provenance in Art
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=8  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.

Associated Names

Buccleuch, Henry, 3rd Duke of
Buccleuch, John Charles, 7th Duke of
Colnaghi & Co., Ltd., P. & D.
Knoedler & Company, M.

Mellon, Andrew W.




Provenance of Digital Data

derived

Simulation code
version, visualization
pipeline, parameters,
creator, date,
machines used, ...

Provenance
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Provenance in Science
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e Provenance is as (or more!)
important as the result .
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¢ | ab notebooks have been
used for a long time
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e \Vhat is new”?
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- Large volumes of data ik g
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- Complex analyses -
computational processes

¢ \Writing notes is no longer an
option: need systematic
provenance capture

DNA recombination
By Lederberg
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Provenance in Science
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Uses of Computational Provenar

anon4877_zspace_20060331.jpg

anon4877 _

ce
esion_20060401.jpg

How were these images created?

Was any pre-processing applied to the raw data?
Who created them? What'’s the difference”

Are they really from the same patient?
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Uses of Computational Provenance
anon4877_lesion_20060401.jpg

How were these images created?
Was any pre-processing applied to the raw data?
Who created them? What'’s the difference?

Are they really from the same patient?
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Uses of Computational Provenar
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Tutorial Goals

¢ Using the VisTrails environment, show how scientific
workflows and provenance can be used to support data
analysis and visualization

Discuss emerging applications that are enabled by
orovenance

e \/isTrails tutorial: Cover concrete examples on how to use
VisTrails for data exploration

- Plugin creation

- Running VisTralls as a server

- Executing parameter exploration in VisIrails using the
command line

www.vistrails.org
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The VisTrails System

e [nitial motivation: Visualization meets provenance

® More than visualization---supports computational tasks In
general: Workflows meet provenance

® Focus on exploratory tasks such as simulations
visualization and data mining
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Figure modified from J. van Wijk, IEEE Vis2005
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The VisTrails System

e [nitial motivation: Visualization meets provenance

® More than visualization---supports computational tasks In
general: Workflows meet provenance

® Focus on exploratory tasks such as simulations,
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The VisTrails System

e \/isualization meets provenance

* More than visualization---supports computational tasks in
genera

- Workflows meet provenance

® Focus on exploratory tasks such as simulations,
visualization and data mining

- Help users explore, interact with and compare results

Cosmology Simulations - LANL

www.vistrails.org
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VisTrails: At Large and on the go

High- resolution rendering of the Columbia
river estuary at a display wall

% National Science Foun

HOME | FUNDING | AWARDS | DISCOVERIES | NEWS | PUBLICATIONS | STATISTICS | ABOUT | FastLane

Discoverles Discovery

- A New Vision for Scientific

o = Visualizations
JI Juliana Freire

University of Utah

way for researchers to create high-quality visualizations ="
from large data sets

Discoveries View Video
An Interview with Juliana
Freire, one of the
creators of VisTralls, a
data visualization

program.
Discoveries by Research Area Credit and Larger

Search Discoveries

About Discoveries

Arctic & Antarctic
Astronomy & Space
Biology

CHemistry & Materials

Computing
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VisTrails: At Large and on the go

~\~:;§.7":-- National Science Foundation e =

Rendering of the Columbia ©

HOME | FUNDING | AWAR ISTICS | ABOUT | FastLane

River on an iPod Touch

Discoverles Discovery
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The VisTrails System

e \/isualization meets provena

e More than visualization---supports computational tasks In
genera

- Work

Nce

lows meet provenance

® Focus on exploratory tasks such as simulations,
visualization and data mining

¢ Explore and compare results
e Python + Qt = multi-platform

- Linux, Mac, Windows

¢ \/isTrails is open source: http://www.vistrails.org

Cosmology Simulations - LANL
www.vistrails.org
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VisTrails: Managing Provenance

® [ransparent
- The trail fo

y tracks provenance of the d

lowed

ISCOVery process

as users generate anc

test hypotheses

¢ Use provenance to streamline exploration

e Focus on usability —build tools for scientists

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

¢ |[nfrastructure can be combined with and enhance scientific
workflow and visualization systems

www.vistrails.org
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Data Exploration and Workflows
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Data Exploration and Workflows

raw data:CT scan workflow
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Data Exploration and Workflows

raw data:CT scan workflow
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Data Exploration and Workflows

raw data:CT scan workflow

Files (workflow specifications)

Notes
anon4877_voxel_scale_1_zspace_20060331.srn

(nttial
visualization
with z-scaling

corrected

www.vistrails.org
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Data Exploration and Workflows

raw data:CT scan workflow

Files (workflow specifications)

anon4877_voxel_scale_1_zspace_20060331.srn
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Data Exploration and Workflows

raw data:CT scan workflow

Files (workflow specifications)

Notes
anon4877_voxel_scale_1_zspace_20060331.srn

e
anon4877_textureshading_20060331.srn \/1 Adoed texture

wil and shading

corrected
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Data Exploration and Workflows

raw data:CT scan workflow

sl et 0S8,
AN TR

Files (workflow specifications)

Notes
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Data Exploration and Workflows

raw data:CT scan workflow
N“hw-}*nl"t ..k'm‘!'

Files (workflow specifications)

anon48/77_voxel_scale_1_zspace_20060331.srn e

vi Added texture
wil v Added plane to

anon487 7 _textureshading_plane0_20060331.srn visualize
Lnternal

anon487 7 _textureshading_20060331.srn

structure
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Data Exploration and Workflows

raw data:CT scan workflow

Files (workflow specifications)
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Data Exploration and Workflows

raw data:CT scan workflow

Files (workflow specifications)
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Data Exploration and Workflows

raw data:CT scan workflow
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Data Exploration and Workflows

raw data:CT scan workflow

Files (workflow specifications)

anon4877_voxel_scale_1_zspace_20060331.srn

anon487 7 _textureshading_20060331.srn
anon4877_textureshading_plane0_20060331.srn P— 3000
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Data Exploration and Workflows: Issues

¢ Hard to assemble and refine workflows
- Need in-depth knowledge to weave tools together

e Data provenance is maintained manually through file-
naming conventions and detailed notes

- A time-consuming process

¢ Hard to understand the exploratory process and
relationships among workflows

- Hard to further explore the data, e.qg., locate relevant data
oroducts/workflows and modify them

ard to collaborate, and work is likely to be lost if creator

eaves

The generation and maintenance of workflows is a major
bottleneck Iin the scientific process
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Keeping Exp\oration Tralls
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Keeping Exploration Trails
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Keeping Exp\oration Tralls
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Demo 1

* Change-based provenance model
» Scalable generation of data products

e Understanding exploratory process: visual workflow
difference

www.vistrails.org
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Chage-Based Provenance

e Records user actions

® Provenance = changes to
computational tasks

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

e Extensible change algebra [agaModuiel

deleteConnection

addConnection

addConnection

setParameter
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Chage-Based Provenance

e Records user actions
® Provenance = changes to computational tasks

- Add a module, add a connection, change a parameter value
¢ Extensible change algebra

e A vistrail node vt corresponds to the workflow

that is constructed by the sequence of actions vistrail
from the root to vt

Vi=Xn O Xp-1 O ...0X10 lxl

- Concise representation---no need to save all ’@

versions!
e

@

www.vistrails.org
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VisTralls Provenance

Provenance Layers:
- Workflow evolution provenance
- Prospective provenance:
* Recipes for how to produce data
- Retrospective provenance:

e Invocation records of run time environments and resources
used: site, host, executable, execution time, file stats ...

- Annotations: user-defined provenance
 Metadata annotations about procedures and data

e Using this information, we can reconstruct the causality graph
or derivation lineage, I.e., relationships among data, programs
and computations

www.vistrails.org
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VisTralls Provenance

Provenance Layers:

- Workflow evolution provenance

- Prospective provenance: | workflow definition
* Recipes for how to produce data

- Retrospective provenance: | execution log

e Invocation records of run time environments and resources
used: site, host, executable, execution time, file stats ...

- Annotations: user-defined provenance
 Metadata annotations about procedures and data

e Using this information, we can reconstruct the causality graph
or derivation lineage, I.e., relationships among data, programs
and computations
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Provenance Beyond Reproducibility

e Support for reflective reasoning

¢ Ability to compare data products
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Provenance Beyond Reproducibility

e Support for reflective reasoning

¢ Ability to compare data products

“Reflective reasoning requires the ability to
store temporary results, to make
inferences from stored knowledge, and to
follow chains of reasoning backward and
forward, sometimes backtracking when a
promising line of thought proves to be
unfruitful. ...the process is slow and
laborious”

Donald A. Norman

www.vistrails.org
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Computing workflow Differences

® NO need to compute subgraph
iIsomorphism!

e A vistrall Is a rooted tree: all nodes have a
common ancestor—diffs are well-defined
and simple to compute

Vi1 =X O Xi1 O ...0X10
Vio =X 0 X1 0 ...0X10 (J
vi1-vito = {Xi, Xi-1, ..., X1, @} —
{Xi, Xj-1, ...,X1, D}
e Different semantics:
- Exact, based on ids

- Approximate, based on module
signatures

www.Vistrails.org
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Provenance Beyond Reproducibility

e Support for reflective reasoning

¢ Ability to compare data products
e Explore parameter spaces and compare results

WVhluih Builder - terminator. xml

Setvshe(0, 67)
vikStructurediP ot siteader

r:.ﬁl&] Arnckated Ppeire

. . P Yoo ~
www.vistrails.org D, L) D% 1M vacH WP o6
WL N SR CMOP
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Exploring the Change Space

e Scripting workflows: Parameter explorations are simple to specity
and apply

e Exploration of parameter space for a workflow vt

¢ (setParameter(idn,valuen) o ... o (setParameter(id+,valuet) o vt )

e Exploration of multiple workflow specifications
(addModule(id;,...) o (deleteModule(idi) o vy )

(addModule(idi,...) o (deleteModule(id;) © vn )

e Results can be conveniently compared in the VisTrails
Spreadsheet

e Can create animations too!

e Caching to avoid redundant computations [Bavoil et al., IEEE Vis 2005]
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Provenance Beyond Reproducibility

e Support for reflective reasoning

¢ Ability to compare data products
e Explore parameter spaces and compare results

e Support for collaboration

R
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{ ) Creglonal white underwater 'i:g_)

@
O O - -v--j--p-'- >

node colors —
(ﬂlu-- tu.\/
PNt user ———

other users =y I A
OIGK T

www.vistrails.org SR S a4 4 R IEM VACET W o
U N D <~ O CMOP

Tuesday, July 21, 2009



Collaborative Exploration

e Collaboration is key to data exploration
- Translational, integrative approaches to science
e Store provenance information in a database
e Synchronize concurrent updates through locking
- Real-time collaboration [Ellkvist et al., IPAW 2008]
e Asynchronous access: similar to version control systems
- Check out, work offline, synchronize
- Users exchange patches
e Synchronization is simple—provenance is monotonic
e NO need for a central repository —support for distributed collaboration

- For details see Callahan et al, SCI Institute Technical Report, No.
UUSCI-2006-016 2006

www.vistrails.org

Tuesday, July 21, 2009



VisTrails Synchronization

e \/ersion tree iIs monotonic

- Actions are always added, never deleted
¢ Merging two vistrails is simple

www.vistrails.org
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Change-Based Provenance: Summary

e General: Works with any system that has undo/redo!
e Concise representation

e Uniformly captures data and workflow provenance

- Data provenance: where does a specific data product come from??

- Workflow evolution: how has workflow structure changed over time”?
Results can be reproduced

Detailed information about the exploration process

Provenance beyond reproducibility:

- Scientists can return to any point in the exploration space

- Scalable exploration of the parameter space—results can be compared
side-by-side in the spreadsheet

- Support for collaboration
- Understand problem-solving strategies—knowledge re-use

www.vistrails.org
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Exploring and Re-Using Provenance
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Interacting with Workflow Evolution
Provenance

e Storing detailed information is
important

e Need appropriate user interface to
- leverage information, and

- deal with the information S
overload - %) QQ

/CD © O O Q‘mr thShadr'o)
@;:D O

s
fﬁ@@@
S @ @ (O
@@?) O

' ' 3"" b
www.vistrails.org Sk U ;;,«g% IER VACET ‘!’ 33

CMOP

e Understanding the history
- Different colors for different users

- Node age represented by
saturation level

e Create views over the version tree
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Querying Workflows and Provenance

¢ \Norkflow and provenance are graphs: hard to specify queries using
text!

e Querying workflows by example [Scheidegger et al., TVCG 2007]
¢ \WYSIWYQ -- What You See Is What You Query

¢ |nterface to create workflow Is same as to query

Pipeline Interface Query Result
a4t~ © N\ e i A | A [T~ R I

Query Interface

000000

vtkStructuredPointsReader
OR

00000000
vtkOpenGLVolumeTextureMapper3D
"

Contain ¥ 4877

. | 3 : ‘::;’L";" R o A'
www.Vistrails.org el A Sl e

TAL Qe L CMoP
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Refining Workflows

e Complex workflows are hard to create
Programming expertise

Domain knowledge _Steep learning curve |

—amiliarity with different tools

e
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Refining Workflows

e Complex workflows are hard to create
Programming expertise

Domain knowledge

—amlllanty with dn°ferent tools
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Refining Workflows

e Complex workflows are hard to create
Programming expertise

Domain knowledge _Steep learning curve |

—amiliarity with different tools

e
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Refining Analyses by Analogy

¢ | everage the wisdom of the crowds In shared provenance

e Some refinements are common, e.g., change the rendering
technique, publish image on the Web

e Apply refinements by analogy, automatically [Scheidegger et al, IEEE
TVCG 2007]

e

=]

==

Analogy Template

it Tas

e -
1
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Refining Workflows by Analogy

PDB Report

Protein Title NEURAL CELL ADHESION
MOLECULE, MODULE 2, NMR, 20
STRUCTURES

Authors P.H.JENSEN, V.SOROKA,
N.K.THOMSEN, V.BEREZIN,
E.BOCK, F.M.POULSEN

Atom Count C: 8560
H: 15440
N: 2580
0O: 2680
S: 60

P08 Entry

) . o u .#'. _."' 9 _::,’L- % — A.
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Retining Worktlows by Analogy

e Compute difference: A(A,B)
- Just like a patch!
- But...

- D = A(A,B) o C may not be a valid
workflow

¢ Find correspondences between A
and C: map(A,C)

- Diffuse similarity scores across the
product graph AxC using
Eigenvalue decompositions

e Compute mapped difference
Anc(A,B) =map(A,C) AA,B)

oD =Aac(AB)o C

www.vistrails.org Seam '-' ;4} @ IEM VACET @9 33
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Refining Workflows by Analogy

e Compute difference: A(A,B)

- Just like a patch!
- But...

- D = A(A,B) o C may not be a valid
workflow

¢ Find correspondences between A
and C: map(A,C)

- Diffuse similarity scores across the
product graph AxC using
Eigenvalue decompositions

e Compute mapped difference
Anc(A,B) =map(A,C) AA,B)
oD =Aac(AB)o C

www.vistrails.org
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Retining Worktlows by Analogy

e Compute difference: A(A,B) . y
- Just like a patch! A= DIFF(A,‘ B)
- But... J

- D = A(A,B) o C may not be a valid
workflow

¢ Find correspondences between A
and C: map(A,C)

- Diffuse similarity scores across the
product graph AxC using
Eigenvalue decompositions

e Compute mapped difference
Anc(A,B) =map(A,C) AA,B)

*D =Aac(AB)o C
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Refining Workflows by Analogy

e Compute difference: A(A,B) . y
- Just like a patch! |

A = DIFF(A, B)
- But... //Eg‘

- D = A(A,B) o C may not be a valid
workflow

¢ Find correspondences between A

and C: map(A,C)

.
- Diffuse similarity scores across the | & T o R
product graph AxC using L T
Eigenvalue decompositions
e Compute mapped difference
Anc(A,B) =map(A,C) A(A,B)
*D =Aac(AB)o C

www.vistrails.org
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Generating Visualizations by Analogy

[Scheidegger et al, IEEE TVCG 2007]
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Demo 2

Querying and Searching
Workflow refinement by analogy

www.vistrails.org
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The need for Guidance in Workflow Design

vtkCellTypes
vtkCenteredSliderWidget
vtkChacoReader

vtkCharArray
vtkCheckerboardRepresentation
vtkCheckerboardWidget
vtkChooserPainter

vtkCircularLayoutStrategy
vtkCleanPolyData ‘ 000000 »

vtkClipDataSet vtkDataSetReader
vtkClipHyperOctree | i
vtkClipPlanesPainter
vtkClipPolyData

vtkClipVolume
vtkCoincidentTopologyResolu...
vtkCollection
vtkCollectionlterator
vtkColorTransferFunction
vtkCompositeDataPipeline
vtkCone

vtkConeSource
vtkConnectivityFilter
vtkContourFilter
vtkContourCrid
vtkContourValues
vtkContourWidget
vtkConvexPointSet
vtkCoordinate
vtkCornerAnnotation
vtkCubeAxesActor2D
vtkCubeSource
vtkCullerCollection
vtkCursor2D

vtkCursor3D

vtkCurvatures

vtkCutter

vtkCylinder

vtkCylinderSource

Www.Vistrails.org
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The need for Guidance in Workflow Design

vtkCellTypes

vtkCenteredSliderWidget

vtkChacoReader

vtkCharArray

vtkCheckerboardRepresentation

vtkCheckerboardWidget

vtkChooserPainter

vtkCircularLayoutStrategy

vtkCleanPolyData 000000 »
vtkClipDataSet vtkolus.tnoudoé o

vtkClipHyperOctree
_ _ 00000000 0000o0o0o0oltn (m[m)
vtkClipPlanesPainter 00000o0o0aao
i u[nlnlalala) lateErode3 vtkExtractEdge  vtkFieldDat  vtkimplicitSum
i vtkPiecewiseFunction | vikarpYector "
0 0O Duuuuuu ———’wLDDDUDDDDDD 00 00000000

vtkCoincidentTopologyResolu. una
WhCollection VikRungeKutta2 _ Y39 ione  VtKLODActor vikTransformFilter _ metr vikSphereSource _

vtkCollectionlterator T - i || | Uuuuuoooooooo

vtkColorTransferFunction - tkimageActor 0O DataSetReader Ol
vtkCompositeDataPipeline tkTh f O vtkCylin  vtkProperty2D EE] DDDD'SODPE"C?LW"MTWMM a

vtkCone () 1000000 __gmsoum TR TR AR AP WP TR TR T T

vtkConeSource vixCastTaCanerata 0 r vtkPolyDataMapper = vtkimageReslice
vtkConnectivityFilter ooooooo D ctorStyle  oopopoog O —d

vtkContourFilter VikElevation VtkCylindricalTransform U \ikpicOMImageRe V&Uﬂﬁomg,g sliDataToPointData
V‘kcontoufcfld U W W W W W S W MOf DD nn
vtkContourValues vtkBYUReader = 00000000 vtkActor2D ]DDD“ER]EWC;ELDDD%DU
vtkContourWidget vtkimageFFT 0O

vtkProperty 0

vtkConvexPointSet 0000000000000 ] —— 000000000 o

vtkCoordinate vtklmagomnmplo 000ao vtk
vtkCornerAnnotation (m|m} beAxesActor2D vtkWarpScalar = vtkParametricSu ]
rorsr——— 000ooooo . oo~ perElllpsold

vtkCubeSource vtkLoopSubdivisionFilter visvonnect. | |, L LuULU
vtkCullerCollection D?tll?s?lsc?u?weﬂdnm O 00 vtkCamera vtkimageDataGeometryFilter

rsor 00Dooo00O o 0o
AhCorsar3D oo D A belunayzo vtk 000000000 sdGrawmonsoer 000000000

vtkCurvatures vtkimageClip — vtkWeightedTransformFilter ooooooo vthvzuolnoadoéu

“tg"f-“; UDDDD,EE,DEEP tkFrustumCoveragevw yuLLUUULLLuu]O0D0000000UU W
v . 00C o VtkR uttad
vtkCylinderSource 4 000000040 00 ~rrnrOopooD vtkMergeFilter ungeK
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00000 utterfl
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VisComplete: A Workflow Recommendation
System

* Mine provenance collection: Identify fragments that co-
occur in a collection of workflows

¢ Predict sets of likely workflow additions to a given partial
workflow

e Similar to a Web browser suggesting URL completions
- == | [Koop et al., IEEE Vis 2008]
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VisComplete: A Workflow Recommendation
System

¢ Mine provenance collection: Identify graph fragments that
co-occur in a collection of workflows

¢ Predict sets of likely workflow additions to a given partial
workflow

e Similar to a Web browser suggesting URL completions
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VisComplete: Video [Koop et al., IEEE Vis 2008]

VisComplete:
Data-driven Suggestions for
Visualization Systems
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Emerging Applications

www.vistrails.org
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Provenance Infrastructure

www.Vistrails.org
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Scientific Publications and Provenance

Improved muscular efficiency displayed as Tour de France champion matures

Fdward F, Coxle
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1 notewarthy ha o dge 25 y, e chams METHODS Fig. 1. Mechanical efficiency when bicycling expressed as “gross efficiency”
and “delta efficiency” over the 7-yr period in this individual. WC, World
Bicycle Road Racing Championships, 1st and 4th place, respectively. Tour de

France 1Ist, Grand Champion of the Tour de France in 1999-2004.
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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-
chanical efficiency and the blood lactate threshold (L'T) 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, V02 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

23.5
Gross Efficiency
~ 230 /

Improved mrernlar efficiency Aienlaved ag Tour de France chamninn matures

* "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. ... raining,

there exists no credible evidence to support Coyle's conclusion  %er in-

that Armstrong's muscle efficiency improved." glﬁyhﬁe

e deter-
nin, with

hitp.//iap.physiology.org/cgi/content/full/105/3/1020 ¥ 50, 60,

f active

3r, body
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Provenance-Rich Publications

¢ Bridge the gap between the scientific process and
publications

¢ Results that can be reproduced and validated
- Papers with deep captions
- Encouraged by ACM SIGMOD and a number of journals

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

e Dynamic (interactive) publications
- Evolve over time
- Blog/wiki like=> Science 2.0

e Need tools to support this!
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Provenance-Rich Documents

TR - e nman -

' ol.xulb—u‘.non o d ‘ : ~ :A " y
— : version trees
d - . and workflows

provenance
reposntory

Interactive visualization
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for Visualizations: Reproducitility and Beyond
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VisTralls in documents
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powerpoint presentation

pdf document
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The Provenance-Rich Paper
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Provenance and Teaching (1)

¢ | everage provenance to improve the way we teach CS and

Science

SO used at

ttp://www.vi

strails.org/index.php/SciViskFa

UNGC, Linkoping (Sweden), UT

12008

=P

¢ | ecture provenance: student can reproduce results

www.vistrails.org
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http://www.vistrails.org/index.php/SciVisFall2008
http://www.vistrails.org/index.php/SciVisFall2008

Provenance and Teaching (1)

¢ | everage provenance to improve the way we teach CS and
Sclence

ttp://www.vi

strails.org/index.php/SciVisFall2008
UNGC, Linkoping (Sweden), UTEP
¢ | ecture provenance: student can reproduce results

SO used at

www.vistrails.org
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Provenance and Teaching (2)

* Homework provenance provides insights regarding

- Task complexity and nature: numlber of actions; structural vs.
parameter changes; task duration

- Student confusion: large branching factor=lots of trial and error
steps

INformation

¢ \/ery detailed (and honest!) feedback: instructors can leverage this

www.vistrails.org

J""”ﬁi A o

Jo A t TSRS ‘

é‘:’ffh \lu’lll r&u\/j}' @@. I=2M VACET "" 59
Tuesday, July 21, 2009

CMOP



Provenance and Teaching (2)

* Homework provenance provides insights regarding

- Task complexity and nature: numlber of actions; structural vs.
parameter changes; task duration

- Student confusion: large branching factor=lots of trial and error
steps

¢ \/ery detailed (and honest!) feedback: instructors can leverage this
iInformation

o i
o
°\° Branching Structure for

e P
\ Task 3 of User 1
o- - °

N (]

1.020

1.015

1.005

\

Branching Factor of Version Tree
1.010

e N

Branching Structure for
Task 3 of User 2

1.000
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Provenance and Teaching (2)

* Homework provenance provides insights regarding

- Task complexity and nature: numlber of actions; structural vs.
parameter changes; task duration

- Student confusion: large branching factor=lots of trial and error
steps

¢ \/ery detailed (and honest!) feedback: instructors can leverage this
iInformation
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. P
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Provenance and Teaching (3)

¢ Homework provenance helps students and instructors to
collaborate

e Student is stuck, sends his provenance

¢ |[nstructor understands student’s problem, provides hints---
student can see what instructor did!

e They can also collaborate in real time [Ellkvist et al., IPAW 2008]
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Using Provenance To Teach Electronic Media

r Autodesk Maya 2008: C:\Users\stevec\Documents\maya\projects\projectS\untitied. mb =8 B Provenance Recorder - new_spaceship.vt®
File Edit Modify Create Dwusplay Window Lighting/Shading Texturing Render Toon Paint Effects Fur Help File E&Edit View Tools Help
= General | Curves | Sufaces W'SM]DWWIW]DWIRWIPUIEﬁwsITm|M|Fu | Haelol )| Gald 9% ¢ Q'B @Q Q

[oesicecanreRTBRSNERRE | -

Notes: &
=@
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®lel 1
O e
Cameowaa ) Crapamossey > (Poyemn
) () =
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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]”

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

“Students who used provenance produced higher-quality models”

' ' o _“g_’ i'!."' _.'J;’L..'—"" Y = A.
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Provenance Analytics: Opportunities

¢ \/olume of collected provenance is growing
¢ \Workflow and provenance repositories

- myExperiments (EU), Provenance Repository (Indiana), Manykyes
(IBM), Yahoo! Pipes

e Opportunity for knowledge discovery, sharing and re-use
- Discover workflow patterns -> a recommendation system that

suggests alternatives to users as they construct a workflow

- Discover workflow refinement patterns -> automatically extract
analogies from shared repositories

- Cluster (organize) workflow collections -> simplify query and
search over repositories

- Infer workflow specification from execution log [Aalst et al., TKDE
2004]

www.vistrails.org
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Search Engine: Clustering Workflows

Workflow query: mingi (Search )

Snippet type: | group_map_polar 4] Snippet size: [ 10 4] Result size: [ 10 4] ) force mink

68 result(s) found for "mindi":

. Problem1 /. mindi (- 10 Sep 2007 15:40:45 e
. Problem2 /. mindi ) 10 Sep 2007 15:42:50 e=

MoiFigureCal
. Problem3 /. mindi () 10 Sep 2007 17:12:41 e N i
. Problemd /. mindi () 13 Sep 2007 18:58:33 @

.Problem1b /4 mindi () 30 Sep 2007 12:26:54 «o - e = o
vikUnstructuredGridReader

. Problem 3a /. mindi ) 24 Oct 2007 19:36:56 =

. Problemla /. mindi ) 05 Dec 2007 16:22:56 e \

. Problem1 finalvector /\ mindi () 06 Dec 2007 21:17:41 VRCH e vaConowPir

\

vikUnstructuredGridReader
9. Problem3 /. mindi () 13 Sep 2007 12:45:27 e womsermse  MplFigure MplFigureCell

MpiPlot v s
10. Problem1b legend 4 mindi () 02 Oct 2007 10:19:31 e ’

"Add legend to make the data easier to understand."

www.vistrails.org
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http://130.236.189.15:1086/query.html?p=apple&q=mindi&type=group_map_polar
http://130.236.189.15:1086/query.html?p=apple&q=mindi&type=group_map_polar

Building Customized Applications with
VisMashup

¢ Portals increasingly using workflows in the backend,

e pbut with canned, one-of-a-kind interfaces--very little flexibility

¢ Use workflows to build mashups and customized applications
| CMOP
VisMashup

Create Simplified

B b A A

-

o

. . : i = Desktop
Add to Medley e e

l

Create App
Select Pipeline

www.vistrails.org
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Conclusions and Future Work

® Provenance management is essential for computational science
¢ | everaging provenance, VislIrails
- Supports reflective reasoning

- Provides intuitive interfaces for simplifying the construction and
refinement of workflows

e Sharing provenance creates new opportunities [Freire and Silva,

CHI SDA, 2008]

- Workflow/provenance repositories; provenance-enabled
publications

- EXpose users to different techniques and tools

- Users can learn by example; expedite their training; and
potentially reduce their time to insight

e Provenance + Workflows + Sharing have the potential to
revolutionize science!
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