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Orchestrate Different Tools & Libraries
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Orchestrate Different Tools & Libraries
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Abstract & Structure Computations
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Structured & Abstracted Code

data = vtk.vtkStructuredPointsReader () OOooOoOgao
data.SetFileName (../examples/data/head.120.vtk) FileName | .../head.120.vtk vtkStructuredPointsReader

contour = vtk.vtkContourFilter ()
contour.SetInput (data.GetOutput ())
contour.SetValue (0, ©67)

DO00O0oo00moo
mapper = vtk.vtkPolyDataMapper () vtkContourFilter

mapper.SetInput (contour.GetOutput ()) ]
mapper.ScalarVisibilityOff ()

actor = vtk.vtkActor ()
actor.SetMapper (mapper)

_ O0O0000ooOotg
cam = vtk.vtkCamera () ViewUp (0,0,-1) vtkDataSetMapper
cam.SetViewUp (0,0, -1) Position| (745,-453,369)

cam.SetPosition (745,-453,369) . :
cam.SetFocalPoint (135,135,150) FocalPoint] (-135,135,150)

cam.ComputeViewPlaneNormal () ‘c;ﬁk

O Ooomoog

ren = vtk.vtkRenderer () vitkCamera vikActor
ren.AddActor (actor)

ren.SetActiveCamera (cam)
ren.ResetCamera ()

renwin = vtk.vtkRenderWindow ()
renwin.AddRenderer (ren)

ODOootthoooo

style = vtk.vtkInteractorStyleTrackballCamera () vtkRenderer
iren = vtk.vtkRenderWindowInteractor ()
iren.SetRenderWindow (renwin)
iren.SetInteractorStyle (style)
iren.Initialize()

iren.Start () Omoogd
VTKCell

O
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Ensure Quality, Reliability, & Trustworthiness
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Provenance in Art

Rembrandt van Rijn

Dutch, 1606 - 1669
Self-Portrait, 1659

oil on canvas

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.

Mellon Educational and Charitable Trust, The A.W.
Montagu, and 4th Earl of Cardigan, George, 3rd Duke of

[National Gallery of Art]
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Provenance in Science

e Provenance: the lineage of data, a
computation, or a visualization

* Provenance is as (or more) - o | ) 3
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important as the resulit! =
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e New problems: :
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- Large volumes of data |
- Complex analyses

- Writing notes doesn’t scale
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Provenance in Science

e Provenance: the lineage of data, a
computation, or a visualization

Provenance is as (or more)
iImportant as the result!

e Old solution:
- Lab notebooks
e New problems:
- Large volumes of data
- Complex analyses
- Writing notes doesn’t scale
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Reproducibility

R
X

[Rube Goldberg Contest, Photo by Argonne N

B

POLYTECHNIC SCHOOL

David KOOp i OF ENGINEERING

Thursday, August 14, 14


http://www.vistrails.org
http://www.vistrails.org
http://www.vistrails.org
http://www.vistrails.org
https://creativecommons.org/licenses/by-nc-sa/2.0/
https://creativecommons.org/licenses/by-nc-sa/2.0/

Reproducibility

e Capture how results were achieved
¢ |[ncludes many different items

e Improve collaboration and sharing

AVA =

Vlsuallzatlons Results 7 r:/ b 1@ 1 1D S
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Reuse Past Work
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Reuse Past Work
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Unencumbered Exploration & Learning
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Data Exploration

v
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Specification

[Modified from Van Wik, Vis 2005]
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Data Exploration

v

—>[Computationj—> D —_ Percepjcllon& —>| Knowledge
T Products Cognition )

Specification |

[Modified from Van Wijk, Vis 2005]
e Data analysis and visualization are iterative processes

¢ |n exploratory tasks, change is the norm!
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Exploration and Creativity Support

e Reasoning is key to the exploratory processes

e “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

e Need external aids—tools to facilitate this process
- Creativity support tools [Ben Shneiderman]

e Need aid from people—collaboration
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VisTralls

VisTrails

© 2011-2013 NYU-Poly. © 2006-2011 University of Utah, All Rights Reserved

J. Freire, C. Silva, E. Anderson, L. Bavoll, C. Brooks, J. Callahan, S. Callahan, T. Eligwist, L. Carlo,
D. Koop, L. Lins, P. Mates, D. Rees, E. Santos, C. Scheidegger, N. Smith, H Vo

e
NYUpoly s =Y. (%) 3%

Net
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VisTralls

e Comprehensive provenance infrastructure for computational tasks

e Focus on exploratory tasks such as simulation, visualization, anad
data analysis

¢ Transparently tracks provenance of the discovery process—from
data acquisition to visualization

- The trall followed as users generate and test hypotheses

- Users can refer back to any point along this trail at any time
¢ | everage provenance to streamline exploration
e Focus on usability —build tools for scientists
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VisTralls

e Open-source, freely downloadable system (www.vistrails.org)

- Also on GitHub (github.com/vistrails) and PyPI

e Multi-platform: users on Mac, Linux, and Windows
e Python code and uses PyQt and Qt for the interface
e Over 35,000 downloads

e User’s guide, wiki, and mailing list

e Many users in different disciplines and countries:

* Visualizing environmental simulations (CMOP STC) » Using tms for improving memory (Pyschiatry, U.
« Simulation for solid, fluid and structural mechanics Utah)
(Galileo Network, UFRJ Brazil)  eBird (Cornell, NSF DataONE)
» Quantum physics simulations (ALPS, ETH Zurich) » Astrophysical Systems (LSU)
o Climate analysis (UV-CDAT, LLNL) * NIH NBCR (UCSD)
» Habitat modeling (USGS)  Pervasive Technology Labs (Indiana University)
» Open Wildland Fire Modeling (U. Colorado, NCAR) * Linkodping University
» High-energy physics (LEPP, Cornell) » University of North Carolina, Chapel Hill
» Cosmology simulations (LANL) « UTEP
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SAHM: Modeling the Spread of Invasive Species
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SAHM: Modeling the Spread of Invasive Species

a

Directory
e o

\ v |\ e |\ e |
TemplateLayer PredictorListFile FieldData
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HoooOooOO - ;
FieldDataQuery < OmO0000 > SAHMSpatialOutputViewerCell

L

L —

LiJLim[a]
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OOoo00000Or \
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mmOooo SAHMModelOutputViewerCell
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n A\
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GLM —
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MDSBuilder
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O O0Om
OmOooooo SAHMSpatialOutputViewerCell
LiJ ] 00 DMGIESD o
ModelEvaluationSplit \DDDED \

SAHMModelOutputViewerCell

nl
/ O00OM
Omooooa

i SAHMSpatialOutputViewerCell
afd
. o RandomForest
ModelSelectionCrossValidation 00000000R
[

OoomO
/ SAHMModelOutputViewerCell

Li[m]];
CovariateCorrelationAndSelection

> [J. Morisette et al., USGS-Fort Collins, NASA]
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UV-CDAT: Climate Science

:-NeXs) © The Ultrascale Visualization Climate Data Analysis Tools - (UV-CDAT)
o0 Projects [@snee: I © © Variables

O &= M o 2 U1 |0 eeny Ry K F S E G2 RV O S M
v @ Project 1* A
v = Sheet 1

=% untitled* @ A1
untitled* @ A2

-- Relative_humidity (14, 181, 360)
--t(5,7,46,72)
-~ t_genutil_averager (5, 7, 46)

(x X&) Plots

Volume Render With Slicer
vy gy B g e (V)

Matplotlib — ) ‘ =

PVClimate - -

VCS

{

Boxfill
Isofill

Isoline
Meshfill e ! Enter CDAT command and press Return
Outfill ‘
Outline

s \ ﬂ---WE

Taylordiagram

e o il
XvsY
o e

Yxvsx

4 vV VvV VVYyVYVYVYYYYY

default

Plot default
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UV-CDAT: Climate Science

© The Ultrascale Visualization Climate Data Analysis Tools - (UV-CDAT)

) sony Ry X B S E =2 »

CDMS_FileReader

Oo0OoO00o0o0ooano
CDMSVariable

]

/)

LifL]

CDMS_VolumeReader

VolumeRenderer

O0000O0O0O0OOO
CDMSVariable

OO

~—

DO0o0OoOogm

genutil.averager
(CDMSUnaryVariableOperation)

D0o0OoOogm

Calculator
(CDMSUnaryVariableOperation)

/El

O

MapCell3D
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UV-CDAT: Climate Science

2] UV-CDAT - Spreadsheet - Untitled

d 9 g Save Camera

g5ncep:eastward_wind : A g5ncep:eastward_wind ; ; g5Sncep:eastward_wind

| Sheet 1 |

[D. N. Williams, T. Maxwell, E. Santos, et al., LLNL, NASA, NYU]
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ALPS: Large Quantum Simulations
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)
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L} QMC data for L=10
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EvaluateLoop
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o
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o
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i] TransformProperties
CellLocation 7
in] L]
ConcatenateDataSets
n]

LLLLiE]
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QMC data for L =20
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M. Troyer et al., ETH-Zurich]
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Example: MTA Fare Data

STATION FF Y SEN/DIS  7-DAFASUNL O AFAS/RMF | JOINTRRTKT  7-DUNL  30-DUNL
42ND STREET & 8TH AVENUE 00228985 00008471 00000441 00001455 00000134 00033341 00071255

120000 East 161st Street and River Avenue
14TH STREET-UNION SQUARE 00224603 00011051 00000827 00003026 00000660 00089367 00199841

42ND STREET & GRAND CENTRAL 00207758 00007908 00000323 00001183 00003001 00040759 00096613 e
34TH STREET & 8TH AVENUE 00188311 00006490 00000498 00001279 00003622 00035527 00067483 dhurs - Nl = 100000 |
34TH STREET - PENN STATION 00168768 00006155 00000523 00001065 00005031 00030645 00054376 o : p
42ND STREET/TIMES SQUARE 00159382 00005945 00000378 00001205 00000690 00058931 00078644 & Anion City

34TH STREET & 6TH AVENUE 00156008 00006276 00000487 00001543 00000712 00058910 00110466 ]
SOTH STREET/COLUMBUS CIRCLE | 00155262 00009484 | 00000589 00002071 00000542 00053397 00113966
47-50 STREETS/ROCKEFELLER 00143500 00006402 00000384 00001159 00000723 00037978 00090745
86TH STREET-LEXINGTON AVE 00142169 00010367 00000470 00001839 00000271 00050328 00125250
34TH STREET & 6TH AVENUE 00134052 00005005 00000348 00001112 00000649 00031531 00075040

Full Fares Purchased

PARK PLACE 00121614 00004311 00000287 00000931 00000792 00025404 00065362
42ND STREET & GRAND CENTRAL 00100742 00004273 00000185 00000704 00001241 00022808 00068216
34TH STREET & 7TH AVENUE 00095076 00003990 00000232 00000727 00001459 00024284 00038671
LEXINGTON AVENUE 00094655 00004688 00000190 00000833 00000754 00020018 00055066
8TH AVENUE-14TH STREET 00094313 00003907 00000286 00001144 00000256 00038272 00074661
BARCLAYS CENTER 00093804 00004204 00000454 00001386 00001491 00039113 00068119 : g o ¢ e 0 X 08-02 08-09 08-16 08-23 08-30 09-06 09-13 09-20 09-27 10-04 10-11 10-18 10-25 11-01

Date
WFST 4TH ST-WASHINGTON SO 0NOAISA2  NONN4A77 | ONNON2ST | ONOONARS | ONNNN127 | DNOITA2R  DON7445R

= ma oo
. L . GetFareData | DateRange
HTTPFile HTTPFile HTTPFile I (PythonSource)
|

i nin

/ m / m
w[ii Wi o
CSVFile JSONFile BuildLabels
OO n (PythonSource)

Ommoo0oO OoOmm
TableCell JoinTables MplFigureProperties MplAxesProperties

n n ]

Parameters

HTTPFile.url, web.mta.info/.../fares_130824.csv OmoO LifLilLils]

) o ProjectTable MplFigure
CSVFile.skip_lines 2 n
JoinTables.left_col STATION

JoinTables.right_col _key

O O
MplAxesProps.xlabel Full Fares Purchased GMapCell MplFigureCell
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Example: MTA Fare Data

STATION FF Y SEIN/DIS  7-DAFASUNL D AFAS/RMF | JOINTRRTKT  7-DUNL  30-D UNL
42ND STREET & 8TH AVENUE 00228985 00008471 00000441 00001455 00000134 00033341 00071255

120000 East 161st Street and River Avenue
14TH STREET-UNION SQUARE 00224603 00011051 00000827 00003026 00000660 00089367 00199841

42ND STREET & GRAND CENTRAL 00207758 00007908 00000323 00001183 00003001 00040759 00096613 e )}
34TH STREET & 8TH AVENUE 00188311 00006490 00000498 00001279 00003622 00035527 00067483 dhur3t - A Opy4 = 100000 |
34TH STREET - PENN STATION 00168768 00006155 00000523 00001065 00005031 00030645 00054376 4L :
42ND STREET/TIMES SQUARE 00159382 00005945 00000378 00001205 00000690 00058931 00078644
34TH STREET & 6TH AVENUE 00156008 00006276 00000487 00001543 00000712 00058910 00110466
SOTH STREET/COLUMBUS CIRCLE | 00155262 00009484 | 00000589 | 00002071 00000542 00053397 00113966
47-50 STREETS/ROCKEFELLER 00143500 00006402 00000384 00001159 00000723 00037978 00090745
86TH STREET-LEXINGTON AVE 00142169 00010367 00000470 00001839 00000271 00050328 00125250
34TH STREET & 6TH AVENUE 00134052 00005005 00000348 00001112 00000649 00031531 00075040

Full Fares Purchased

PARK PLACE 00121614 00004311 00000287 00000931 00000792 00025404 00065362
42ND STREET & GRAND CENTRAL 00100742 00004273 00000185 00000704 00001241 00022808 00068216
34TH STREET & 7TH AVENUE 00095076 00003990 00000232 00000727 00001459 00024284 00038671

LEXINGTON AVENUE 00094655 00004688 00000190 00000833 00000754 00020018 00055066

8TH AVENUE-14TH STREET 00094313 00003907 00000286 00001144 00000256 00038272 00074661
BARCLAYS CENTER 00093804 00004204 00000454 00001386 00001491 00039113 00068119 08-02 08-09 08-16 08-23 08-30 09-06 09-13 09-20 09-27 10-04 10-11 10-18 10-25 11-01
Date

WFST 4TH ST-WASHINGTON SO 0NOAISA2  NONN4A77 | ONNON2ST | ONOONARS | ONNNN127 | DNOITA2R  DON7445R

oo ] OO
. GetFareData | DateRange
HTTPFile I (PythonSource)
|

O

HTTPFile HTTPFile

nin

n n
///// ///// —
L]
O O BuildLabels
n (PythonSource)

N — m

oM

CSVFile
oo

CSVFile JSONFile

poo

Oo0oMMm
MplFigureProperties MplAxesProperties
n n ]

Ol OmmOoooo
TableCell JoinTables

Parameters

Omog LiLiLiTa

CSVFile.skip_lines
JoinTables.left_col
JoinTables.right_col

MplAxesProps.xlabel

2
STATION
_key

Full Fares Purchased

ProjectTable
g

O
GMapCeli

MplFigure
]

WL
MplFigureCell
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Exam

ole: MTA F

are Data

STATION
42ND STREET & 8TH AVENUE
14TH STREET-UNION SQUARE
42ND STREET & GRAND CENTRAL
34TH STREET & 8TH AVENUE
34TH STREET - PENN STATION
42ND STREET/TIMES SQUARE
34TH STREET & 6TH AVENUE
59TH STREET/COLUMBUS CIRCLE
47-50 STREETS/ROCKEFELLER
86TH STREET-LEXINGTON AVE
34TH STREET & 6TH AVENUE
PARK PLACE
42ND STREET & GRAND CENTRAL
34TH STREET & 7TH AVENUE
LEXINGTON AVENUE
8TH AVENUE- 14 TH STREET
BARCLAYS CENTER

WFST 4TH ST-WASHINGTON SO

oY
00228985
00224603
00207758
00188311
00168768
00159382
00156008
00155262
00143500
00142169
00134052
00121614
00100742
00095076
00094655
00094313
00093804

0N093SA2

SIN/DS
00008471

00011051
00007908
00006490
00006155
00005945
00006276
00009484
00006402
00010367
00005005
00004311
00004273
00003990
00004688
00003907
00004204

00004677

7-D AFAS UNL D AFAS/RMF |

00000441
00000827
00000323
00000498
00000523
00000378
00000487
00000589
00000384
00000470
00000348
00000287
00000185
00000232
00000190
00000286
00000454

00000251

00001455
00003026
00001183
00001279
00001065
00001205
00001543
00002071
00001159
00001839
00001112
00000931
00000704
00000727
00000833
00001144
00001386

0HNOONARS

JOINT RR TKT
00000134
00000660
00003001
00003622
00005031
00000690
00000712
00000542
00000723
00000271
00000649
00000792
00001241
00001459
00000754
00000256
00001491

00000127

7-DUNL
00033341

00089367
00040759
00035527
00030645
00058931
00058910
00053397
00037978
00050328
00031531
00025404
00022808
00024284
00020018
00038272
00039113

00031628

30-0 UNL
00071255
00199841
00096613
00067483
00054376
00078644
00110466
00113966
00090745
00125250
00075040
00065362
00068216
00038671
00055066
00074661
00068119

00074458

120000 ¢

100000 }

Full Fares Purchased

East 161st Street and River Avenue

08-02 08-09 08-16 08-23 08-30 09-06 09-13 09-20 09-27 10-04
Date

10-11 10-18 10-25 11-01

O

HTTPFile

CSVFile
Tl

mLi
TableCell

Parameters

oo

oo

HTTPFile

HTTPFile

GetFareData

DateRange

/m /m
om am

JSONFile

CSVFile
poo

]

N —

(PythonSource)

nin

/

L]
BuildLabels
(PythonSource)

n

OmmOoooo
JoinTables

n

MpiFigureProperties
n

OoOmm
MplAxesProperties

n

HTTPFile.url

CSVFile.skip_lines 2

JoinTables.left_col

JoinTables.right_col

web.mta.info/.../fares_130824.csv

STATION
_key

OmoO
ProjectTable

n

LifLifii[w]
MplFigure
]

O
GMapCeli

Oom

Full Fares Purchased MplFigureCell

MplAxesProps.xlabel
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Example: MTA F

are Data

STATION
42ND STREET & 8TH AVENUE
14TH STREET-UNION SQUARE
42ND STREET & GRAND CENTRAL
34TH STREET & 8TH AVENUE
34TH STREET - PENN STATION
42ND STREET/TIMES SQUARE
34TH STREET & 6TH AVENUE
59TH STREET/COLUMBUS CIRCLE
47-50 STREETS/ROCKEFELLER
86TH STREET-LEXINGTON AVE
34TH STREET & 6TH AVENUE
PARK PLACE
42ND STREET & GRAND CENTRAL
34TH STREET & 7TH AVENUE
LEXINGTON AVENUE
8TH AVENUE- 14 TH STREET
BARCLAYS CENTER

WFST 4TH ST-WASHINGTON SO

oY
00228985
00224603
00207758
00188311
00168768
00159382
00156008
00155262
00143500
00142169
00134052
00121614
00100742
00095076
00094655
00094313
00093804

0N093SA2

SIN/DS
00008471

00011051
00007908
00006490
00006155
00005945
00006276
00009484
00006402
00010367
00005005
00004311
00004273
00003990
00004688
00003907
00004204

00004677

7-D AFAS UNL D AFAS/RMF |

00000441
00000827
00000323
00000498
00000523
00000378
00000487
00000589
00000384
00000470
00000348
00000287
00000185
00000232
00000190
00000286
00000454

00000251

00001455
00003026
00001183
00001279
00001065
00001205
00001543
00002071
00001159
00001839
00001112
00000931
00000704
00000727
00000833
00001144
00001386

0HNOONARS

JOINT RR TKT
00000134
00000660
00003001
00003622
00005031
00000690
00000712
00000542
00000723
00000271
00000649
00000792
00001241
00001459
00000754
00000256
00001491

00000127

7-DUNL
00033341

00089367
00040759
00035527
00030645
00058931
00058910
00053397
00037978
00050328
00031531
00025404
00022808
00024284
00020018
00038272
00039113

00031628

30-0 UNL
00071255
00199841
00096613
00067483
00054376
00078644
00110466
00113966
00090745
00125250
00075040
00065362
00068216
00038671
00055066
00074661
00068119

00074458

Full Fares Purchased

120000 ¢

100000 }

East 161st Street and River Avenue

08-02 08-09 08-16 08-23 08-30 09-06 09-13 09-20 09-27 10-04 10-11 10-18 10-25 11-01

Date

O

HTTPFile

g

TableCell

Parameters

HTTPFile

O
CSVFile
o]

JoinTables

HTTPFile.url
CSVFile.skip_lines

HTTPFile
[

WL
JSONFile

]

oo
GetFareData

oo

DateRange
(PythonSource)

nin

/

L

BuildLabels
(PythonSource)

n

MpiFigureProperties

I

OoOmm
MplAxesProperties

n

web.mta.info/.../fares_130824.csv

2

JoinTables.left_col STATION

JoinTables.right_col

MplAxesProps.xlabel

_key

Full Fares Purchased
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Example: MTA F

are Data

STATION
42ND STREET & 8TH AVENUE
14TH STREET-UNION SQUARE
42ND STREET & GRAND CENTRAL
34TH STREET & 8TH AVENUE
34TH STREET - PENN STATION
42ND STREET/TIMES SQUARE
34TH STREET & 6TH AVENUE
59TH STREET/COLUMBUS CIRCLE
47-50 STREETS/ROCKEFELLER
86TH STREET-LEXINGTON AVE
34TH STREET & 6TH AVENUE
PARK PLACE
42ND STREET & GRAND CENTRAL
34TH STREET & 7TH AVENUE
LEXINGTON AVENUE
8TH AVENUE- 14 TH STREET
BARCLAYS CENTER

WFST 4TH ST-WASHINGTON SO

oY
00228985
00224603
00207758
00188311
00168768
00159382
00156008
00155262
00143500
00142169
00134052
00121614
00100742
00095076
00094655
00094313
00093804

0N093SA2

SIN/DS
00008471

00011051
00007908
00006490
00006155
00005945
00006276
00009484
00006402
00010367
00005005
00004311
00004273
00003990
00004688
00003907
00004204

00004677

7-D AFAS UNL D AFAS/RMF |

00000441
00000827
00000323
00000498
00000523
00000378
00000487
00000589
00000384
00000470
00000348
00000287
00000185
00000232
00000190
00000286
00000454

00000251

00001455
00003026
00001183
00001279
00001065
00001205
00001543
00002071
00001159
00001839
00001112
00000931
00000704
00000727
00000833
00001144
00001386

0HNOONARS

JOINT RR TKT
00000134
00000660
00003001
00003622
00005031
00000690
00000712
00000542
00000723
00000271
00000649
00000792
00001241
00001459
00000754
00000256
00001491

00000127

7-DUNL
00033341

00089367
00040759
00035527
00030645
00058931
00058910
00053397
00037978
00050328
00031531
00025404
00022808
00024284
00020018
00038272
00039113

00031628

30-0 UNL
00071255
00199841
00096613
00067483
00054376
00078644
00110466
00113966
00090745
00125250
00075040
00065362
00068216
00038671
00055066
00074661
00068119

00074458

Full Fares Purchased

120000 ¢

100000 }

East 161st Street and River Avenue

08-02 08-09 08-16 08-23 08-30 09-06 09-13 09-20 09-27 10-04 10-11 10-18 10-25 11-01

Date

O

HTTPFile

g

TableCell

Parameters

HTTPFile

O
CSVFile
o]

JoinTables

HTTPFile
[

WL
JSONFile

]

oo

GetFareData

oo

DateRange
(PythonSource)

nin

/

L

BuildLabels
(PythonSource)

n

MpiFigureProperties

I

OoOmm
MplAxesProperties

n

HTTPFile.url

web.mta.info/.../fares_130824.csv

OmoO
ProjectTable

LiLiLiTa

. T MplFigure
CSVFile.skip_lines 2 n n

STATION

JoinTables.left_col

JoinTables.right_col

O
GMapCeli

Oom

Full Fares Purchased MplFigureCell

MplAxesProps.xlabel
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OF ENGINEERING 24
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Example: MTA Fare Data

STATION FF Y SEIN/DIS  7-DAFASUNL D AFAS/RMF | JOINTRRTKT  7-DUNL  30-D UNL
42ND STREET & 8TH AVENUE 00228985 00008471 00000441 00001455 00000134 00033341 00071255

120000 East 161st Street and River Avenue
14TH STREET-UNION SQUARE 00224603 00011051 00000827 00003026 00000660 00089367 00199841

42ND STREET & GRAND CENTRAL 00207758 00007908 00000323 00001183 00003001 00040759 00096613 e
34TH STREET & 8TH AVENUE 00188311 00006490 00000498 00001279 00003622 00035527 00067483 dhur3t - A Opy4 = 100000 |
34TH STREET - PENN STATION 00168768 00006155 00000523 00001065 00005031 00030645 00054376 4L :
42ND STREET/TIMES SQUARE 00159382 00005945 00000378 00001205 00000690 00058931 00078644
34TH STREET & 6TH AVENUE 00156008 00006276 00000487 00001543 00000712 00058910 00110466
SOTH STREET/COLUMBUS CIRCLE | 00155262 00009484 | 00000589 | 00002071 00000542 00053397 00113966
47-50 STREETS/ROCKEFELLER 00143500 00006402 00000384 00001159 00000723 00037978 00090745
86TH STREET-LEXINGTON AVE 00142169 00010367 00000470 00001839 00000271 00050328 00125250
34TH STREET & 6TH AVENUE 00134052 00005005 00000348 00001112 00000649 00031531 00075040

Full Fares Purchased

PARK PLACE 00121614 00004311 00000287 00000931 00000792 00025404 00065362
42ND STREET & GRAND CENTRAL 00100742 00004273 00000185 00000704 00001241 00022808 00068216
34TH STREET & 7TH AVENUE 00095076 00003990 00000232 00000727 00001459 00024284 00038671

LEXINGTON AVENUE 00094655 00004688 00000190 00000833 00000754 00020018 00055066

8TH AVENUE-14TH STREET 00094313 00003907 00000286 00001144 00000256 00038272 00074661

BARCLAYS CENTER 00093804 00004204 00000454 00001386 00001491 00039113 00068119 - g - ¢ - e . 08-02 08-09 08-16 08-23 08-30 09-06 09-13 09-20 09-27 10-04 10-11 10-18 10-25 11-01
| 2 Morine Pork . ok Date
WFST 4TH ST-WASHINGTON SO 00093562 NONN4AZ7 | ONOAN2ST | ONNONARS  OONNN127 | NNOITAZR | OON7445R

ma oo
. GetFareData | DateRange
HTTPFile HTTPFile HTTPFile I (PythonSource)
|

O

i nin

/ m / m
Wi W[ o
CSVFile JSONFile BuildLabels
OO n (PythonSource)

N —

Ommoo0o
TableCell JoinTables MplFigureProperties

n n

Parameters

HTTPFile.url, web.mta.info/.../fares_130824.csv m[Lila[w] LiJLifLiw
) o ProjectTable MplFigure
CSVFile.skip_lines 2 n

JoinTables.left_col STATION

JoinTables.right_col _ke

WL Oom
MplAxesProps.xlabel Full Fares Purchased GMapCell MplFigureCell
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Capturing Provenance
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Workflow Evolution Provenance ot MTA Fare Data

HTTPFile

&

|jCSVFII‘(:e":|
initial data station locations
[W]LI]
(X &
corrected data added fares
63 &

TableCell

november ff november 2 data full fares map difference

H

& K H
sum of ffs . broadway line @ broadway diff map
GetFareData 5 I:'DateFtange
\ 5] ]

(Group) (PythonSource)

Om
30-D weekly CSVEBD
Ljm} OO00Mm

HTTPFile HTTPFile
n

MplFigureProperties MplAxesProperties

JoinTables
L]
MplFigure
po OmE0

/ ProjectTable

[W]L]
MplFigureCell

GMapCell
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Workflow Evolution Provenance ot MTA Fare Data

&

initial data
X KR
corrected data
£ 2

november ff november 2 data full fares map difference

H

X KR H
@E broadway line @ broadway diff map

H

S | - ||||||||IIIIII
/
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Workflow Evolution Provenance ot MTA Fare Data

HTTPFile
1]

initial data

corrected data @
SelectFromTable

november ff november 2 data Q [T]
SelectFromTable

H = —a

SelectFromTable
)
sum of ffs broadway line

(1]
SheetReference J [ SelectFromTable
[+ n

opwesy D | ||||||||IIIIII i | [
i CellLocation ProjectTable
' / L
LI 1]
- GMapCell GMapCircleCell
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Workflow Evolution Provenance

O O

HTTPFile HTTPFile

n n
oM oM

CSVFile JSONFile
Moo n

\ I
L

OhmOoooo

JoinTables

niss A -

\\ ////”//// : E[LE[E

OmmOo0og with labels SelectFromTable -
JoinTables

//,_,// otoo

ohogd

SelectFromTable n
SelectFromTable / i —

! n

filtered Dooo
/ / SelectFromTable i

CellLocation ProjectTable omOono

| [ SelectFromTable -
P 4
\\\ /////// Omon
UL

ProjectTable
GMapCell /\/m
L]

GMapCircleCell

O O
HTTPFile

HTTPFile

/m /m
om oM

CSVFile

JSONFile

SheetReference
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Workflow Evolution Provenance

filtered

delete module “GMapCell”

delete module “CellLocation” e
/__/
/m delete module “ProjectTable” oo | [Pisonee

(] m]
(13 73 III\;\IIH'EIDDI:ID g
delete module “SelectFromTable

\ / omoo g

[}

Wi

OMm0o0m

SelectFromTable
JoinTables

add module “SelectFromTable” Gifoe

SelectFromTable
[E[L]=]w]

add parameter “float_expr” to “SelectFromTable” oo ——
=L LI with value “latitutde > 40.6” —
| nl

SelectFromTable -
\ / delete parameter “float_expr” from “SelectFromTable” e

LiTid ProjectTable -

add parameter “float_expr” to “SelectFromTable” -
with value “latitutde > 40.7”

delete parameter “float_expr” from “SelectFromTable”

add parameter “float_expr” to “SelectFromTable”
with value “latitutde > 40.8”
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Execution Provenance

mta-yankees.vt* - VisTrails
o & 8§ 0O |yl

M

vVVYyVYyVYyVYyYVYYY

¥ Workdiows [ Not executed Suspended

00 S— Dhoooo0 — I station map + 2*
& g o AggregateColumn

. heatmap + 2* 15:38 08/1...

CMapCell

apLe »  161st-River + 1* 15:39 08/1...
_ GMapSymbols > End: 2014-08-14 15:38:23.430314
tabledata

=3 (latest)
I station map + 4* 15:36 08/1...
@ v || X Oommoooo »
. Basic Modules JoinTables heatmap + 2* 15:38 08/1...
- M heatmap + 2* 15:38 08/1...
CMapCircles
matplctiib User: dakoop
URL i 13 Annotations:
VisTrails Spreadsheet __reason__: Parameter Exploration
L) ed68fbc0-2312-11e4-95d4-c42c0322b4cd
0_1.0

- 'E‘ | Search '*' O > | > Go to this pipeline 2
= COTERt VIRt ] DownloadFile ‘ DownloadFile
[[] Successful [ Error [C] cached
ik 161st-River
station map + 8* 15:36 08/1...
Control Flow
b heatmap + 2* 15:38 08/1...
CMapHeatmap
heatmap + 2*
My SubWorkflows Completed: Yes
(|

v J. mta-yankees.vt*

W 30-D weekl O Y O Y Pipeline Stat A

¥ added fares CSVFile JSONOblect initial data + 1* 15:34 08/1...

- A t16 initial data + 2* 15:35 08/1...

= _ugus . = 15:36 08/1...

station map + 13~ 15:37 08/1...

M
aps > 161st-River + 1* 15:38 08/1...
CMapMarkers
Start: 2014-08-14 15:38:21.759536
PythonCalc
GMapCell

>
0
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Workflow Upgrades

a O a a
CSVReader CSVReader CSVReader CSVReader
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I
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MplFigure MplFigure
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Workflow Upgrades
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Workflow Upgrades
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Workflow Upgrades
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Provenance of Workflow Upgrades

[m]
CSVReader

(]

CSVReader
)

L]

StringToNumeric

0o
AggregateData @

StringToNumeric

[m]m]
AggregateData

[LiJLi[w ]
JoinData

/_J

[Li[w]
ExtractColumn

(m]
ExtractColumn

[LiJLi[]s[=]w]

MplScatterplot
nj

P —

L]

MplFigure
[mn]

[W]L]

MplFigureCell

delete
delete
delete
delete
delete
delete
delete
delete
delete
delete
delete
delete
delete
delete
delete
delete

connection
connection
connection
connection
connection
connection
connection
connection
connection
module
module
module
module
module
module
module

AggregateData
AggregateData
ExtractColumn
ExtractColumn
MplScatterplot version 2.0.0
MplFigure version 2.0.0

MplFigureCell version 2.0.0

Change-based Provenance:

StringToNumeric — AggregateData
AggregateData — AggregateData
AggregateData — JoinData
JoinData - ExtractColumn
JoinData - ExtractColumn
ExtractColumn — MplScatterplot
ExtractColumn — MplScatterplot
MplScatterplot - MplFigure
MplFigure — MplFigureCell
version 1.0.4
version 1.0.4
version 0.9.7
version 0.9.7

O O
CSVReader

CSVReader

L]
StringToNumeric /

StringToNumeric

add module
add module
add module
add module

ComposeData version 1.1.0 PO
ExtractColumn version 1.0.2

ExtractColumn version 1.0.2
MplScatterplot version 2.0.1

add module MplFigure version 2.0.1

add module MplFigureCell version 2.0.1

add connection StringToNumeric — ComposeData
add connection ComposeData — JoinData

add connection JoinData - ExtractColumn Tffifﬁ
add connection JoinData - ExtractColumn B
add connection ExtractColumn — MplScatterplot
add connection ExtractColumn — MplScatterplot

/

Mmoo
JoinData

/_/

Mmoo 0o
ExtractColumn ExtractColumn

/;"_———’//

[Li[Li[ ]}

MplFigure
0

/~/
(Wi
MplFigureCell
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Adding Provenance to 3rd-Part
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Adding Provenance to 3rd- Party Tools

IS T rraﬁrﬂiﬁnpmﬁ wojacimaEE| e -

lellmleufuulwlsﬁalndﬂmlml Deveriic: ey | CariCffects | Teer | Tues | T | ler | alkab | Custem |

ParaView Provenance Recorder - silicium.vt Em Kltware ParaView 3,50 {developmenty

File Edit View Tools

LA ¢ B> (WU Q

Help File Edit View Sources Filters Animation Tools Help Pa raVI eW

pe B ?2 @A@Y .’)”*I}GQUDUDL.W

Tag:

Action:

User:
Date:
Notes:

Apply
jmschrei
08 Jan 2009 16:09:37

O PRBPOESLDW
Ppeine Sonser 5 x| @) R
ﬂ[ builtin:
@ @silidum.vtk
@ éCIip‘l

«» OFER

Object Inspector
Doy | Infomatn

View

Visible Zoom To Data |

Color

Interpolate Colors
Map Scalars

Apply Texture |None

Color by [ © nrrd28278 v] C

[Edit Color Map...| [Rescale to Data

Slice

Slice Direction

|
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Adding Provenance to 3rd- Party Tools

Windows  Select  Mesh  Cdit Mesh Normals  Coler  Creste UVs  [ditUVs |

-—mﬂ:;mm_—wy—w»
A{Bmujnvm iz oA volr ae|we rolr-:lnl_linlsissi-ml—vl—zl— Autodesk Maya
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|usd 26 S» [CoQ
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[ builtin:
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- e
Vi) Vislt Provenance Recorder - crotamine.vt*

) Visit 1.11.1
File Edit View Tools Help = E

| ,5 T Eile Controls Options Windows Help \{is I|
Yad e > (e |4I<|_>I>HS 323BhAakEN]® 50l

Active window Maintain limits (1 Replace plots
Tag: 1 ‘I [ view (J data [ Auto update
Action: SetActivePlots DB: crotamine.pdb Active plots [ Hidershow || Delete |( Draw |
User: jmschrei ; X-Axis
Date: 16 Feb 2009 17:03:41 ey 30 25

10:crotamine.pdb - element
Notes: @ P 3 v & Molecule
|2 10:crotamine.pdb - resseq
L- Volume

Plots Operators PlotAtts OpAtis Variables
Apply Moperators/dselection to all plots

Volume plot l

| Eedat Tod e mnckic!

Color

|| Align |(__Default ) 6# Smooth O Equal

L] F " Cl L
©
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Scale @® Linear Q Log10

Skew factor |1

usar; jrechrel
Mon Feb 16 16:54:00 2000
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Adding Provenance 1o Srd—Party Tools
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lwad ¢ a»/([TYQ e® B9 ? @A

File Edit View Sources Filters Animation Tools Help

SRR o K> L.
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VisTrails Provenance Plugin for ParaView

¥ '
M Kitware ParaView 3.4.0 U o B ParaView Provenance Recorder

s Filters File  Edit € 00 Help
.j '@ . D @Kl > D> o I LA Y6 A (MU Q
E - % @ Solid Color v || * |Representation v x 4 L’ g:' ‘:3 ‘_3 L . @ Tag:

Action:

[ S 5 0 'S ) O A Oa - User:
s WY & & Y P == ) Date:
Pipeline Browser 8 X 5ENE DE=E3 Notes:

Display | Information

View

Visible

Rescale to Data Range

[VisTrails, Inc.]
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VisTrails Provenance Plugin for ParaView

M’%
Yakd & B|IBO & W 4

[ Kitware ParaView 340 IENEES

irces  Filter

@ @ ? .I D@ <> >R o o &
E.k.owc' - = THak Rt @G |
s x| BF OEE @EEE

- Display | Information

View
Visible

Rescale to Data Range

Ai

[VisTralls, Inc.]
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Querying and Re-using Provenance
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Querying Provenance

— o |/Vhat process led to the output

vtkStructuredPointsRead ]
ructure ointshea eLTI:”:| /mage?

/ o Vhat input datasets contributed to

O0oOooOoomoo

vtkContourFilter th e OU tlou t / m age 7

O

o |Vhat workflows include resampling
o and isosurfacing with isovalue 577
n

|

(] 0OoomooOd

wcamera VtkActor e Graph traversal or graph patterns

\ / - How do we write such queries?

Oooohhoooo
vtkRenderer

ohooog
VTKCell
]
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Querying Provenance by Example

e Provenance is represented as graphs: hard to specify queries using text!

e Querying workflows by example [Scheidegger et al., TVCG 2007;
Beeri et al., VLDB 2006; Beeri et al. VLDB 2007]

- WYSIWYQ -- What You See Is What You Query
- Interface to create workflow is same as to query

Pipeline Interface Query Result

Query Interface

000000

vtkStructuredPointsReader
]

00000000
vtkOpenGLVolumeTextureMapper3D
m]

| I:e::l:_FiIr:,l'ar||:|r|_4E=??_ur|q bk

Contain ¥ 4877

David Koop A\ ATPESC 2014 [ NYU | souesmeseroo  as

Thursday, August 14, 14



http://www.vistrails.org
http://www.vistrails.org
http://www.vistrails.org
http://www.vistrails.org

Linking Provenance and Data

Sorkon exen LT * Flenames are often the mode of

name="vtkStructuredDataReader”

package="edu.utah.sci.vistrails.vtk” i(jear]tifiC361tiC)r1 ir] CjEitEi EB)(F)'C)réiti()r1

version="5.6.0">
<param 1id="2" name="SetFile”

o exec>value=”/MyData/05—12—sc2.dat”/> ® We mlght alSO use UR'S OI’ aCCGSS
et kContourFiltor curated data stores

package="edu.utah.sci.vistrails.vtk”

comran L e e AT ue - Can this always be expected for
value="[1, 571"/>

<param id="4" name="ComputeScalarsOn” exploratory taSkS?

value="True” />
</m_exec>

- What happens if offline”?
<m_exec id="11" e Solution:

name="FileSink”
package="edu.utah.sci.vistrails.basic”

version="1.5"> - Managed Store fOr data

<param 1d="15" name="path”

value="/home/a/results/23.out” /> Eif;f;()(:iéitf}(j \ﬁVTtr] C)C)rT]F)LJtEatiC)r1ES

</m_exec>

- Improved data identification

- Automatic versioning

David Koop A\ ATPESC 2014 A NYU | sasamcicoo o
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Linking Provenance and Data

<workflow exec 1id="1">
<m_exec 1d="5"
name="vtkStructuredDataReader”
package="edu.utah. | .vistrails.vtk”
version="5.6.0">
<param id="2" name="Se
value="/MyDat
</m_exec>
<m_exec id="6”  FILE NOT FOUND
name="vtkContourFilter”
package="edu.utah.sci.vistrails.vtk”
version="5.6.0">
<param id="3"” name="SetValue”
value="1[1, 57]1"/>
<param id="4" name="ComputeScalarsOn”
value="True” />
</m_exec>

- 2.dat”/>

<m_exec 1d="11"
name="FileSink”
package="edu.utah.sci.vistrails.basic”
version="1.5">
<param 1d="15" name="path”
value="/home/a/results/23.out”/>
</m_exec>

David Koop

Thursday, August 14, 14
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¢ Flenames are often the mode of
identification in data exploration

e \We might also use URIs or access
curated data stores

- Can this always be expected for
exploratory tasks?

- What happens if offline”?
e Solution:

- Managed store for data
associated with computations

- Improved data identification
- Automatic versioning
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Linking Provenance and Data

<workflow exec id="1">
<m_exec 1d="5"
name="vtkStructuredDataReader”

version="5.6.0">
<param id="2" name="Se
value="/MyDat
</m_exec>
<m_exec id="6”  FILE NOT FOUND
name="vtkContourFilter”

- 2.dat”/>

version="5.6.0">
<param 1d="3" name="SetValue”
value="1[1, 571"/>
<param id="4" name="ComputeScalarsOn”
value="True” />
</m_exec>

<m_exec id="11"
name="FileSink”

FILE NOT FOUND

package="edu.utah. | .vistrails.vtk”

package="edu.utah.sci.vistrails.vtk”

package="edu.utah.s¢/\.vistrails.basic”
version="1.5">
<param 1id="15" name="p I
value="/home/a o 23.out”/>
</m_exec>

David Koop
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¢ Flenames are often the mode of
identification in data exploration

e \We might also use URIs or access
curated data stores

- Can this always be expected for
exploratory tasks?

- What happens if offline”?
e Solution:

- Managed store for data
associated with computations

- Improved data identification
- Automatic versioning
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Full Data Provenance

HASH QUERY
( newfilename.dat CONTENTS,( 0ab678cd... ) LE STORE)

l OBTAIN

OBTAIN QUERY
INPUT REFS PROVENANCE

( 12ab3-45ef2... < < ( 12ab3-45ef2... )

( 12ab3-45ef2...

( 12ab3-45ef2... > I‘%
QUERY OBTAIN ( input files )

FILE STORE INPUT FILES —

FILE REFERENCE

[VisTrails Persistence Package]
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uilding Visualization Pipelines

vtklmageReslice

ooooooohoofog »

oooooooa »
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vtkPolyDataMapper

N—

O >
CellLocation

[}
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4

e o
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[B]

vtkStructuredPointsReader
(o]

>

0000000000 »

vtkContourFilter

00ooogmo 14
vtkVolymeTextureMapper:

thoo

vtkPtane

N

oo

vtkCame/a

>
o

0oao 4
vtkTransform

Plane

i

0ooooo

vtkPolyDataMapper n

00oooog LD
vtkClipPBiyData oood
oo vtkimplicit
Dooooooohg » L)

4
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\

vtkProperty

4

HOoOOM®™OoO »
m_/ vta\ctor

L]
n| /pythonSOUTc
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vtkWindowLevelLookupTable

4

O
CellLocation i
2

EEEEEEELLEE
vtkTexture
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00o00ooohoohoo »
vtkimageReslice

00o0o0oooo
vtkPlaneSource

>

0oa
vtkinteractorStylelmage

14

ooodooh »
vtkActor

00oo0o00ohoooog »

vtkRenderer
i
nhooho »
VTKCell

0ooooooothg  »
vtkPolyDataMapper

O 4
CellLocation

() () :
v, 2 v Export v x

A

=y P %

Save Camera

L

ooa DDDDEED >
vtkTexture

0oao
vtkinteractorStylelmage

/

vtkTexture

O0000000MOa0 »

ooomood »
vtkActor

0000000000000 »
vtkRenderer

mhooho »
VTKCell

2014

0ooooooohg »
vtkPolyDataMapper
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CellLocation

>
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vtkActor
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vtkRenderer
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Suilding Visualization Pipelines

o o o o o DO0D0O00000 0o
SooOoo000
0ooooo IIateErode3‘ vtkWarpVector vtkExtractEdgq vtkFieldDat{ vtkimplicitSum

vikPiecewiseFunction 00 ]
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vtkRungeKutta2 [~ a¥s OCbone| VtkLODActor VtkAxes vtkTransformFilter  [metry vtkSphereSourcE| -
o4g

L] ] C10]
[ ! OO0 00oooooono
tkimageActor _ |0 DataSetReader U1 vikopenGLVolumeTextureMapper3D
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00000000000  |tkFrustumCove o o e o
1ileDI AT2NDRoader vtkMergeFilter vtkRungeKutta4

vitkPla p—
OoOoobodad rammableAOOOOO0O0n OO00oooo

ooood ivisionFi
vtkButterflySubdivisionFilter vtkSurfaceReconstructionFilter | vtkRenderer

vtkScalarE noftoooa
] VIKStreamTracer aQ4d O]
OO

OO0 _‘
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Completions

€9 en.wikipedia.org/

http://en.wikipedia.org/

http://encarta.msn.com/

http: //www.engadget.com/
http://www.engadget.com/2008/09/09/live-from-apples-lets-rock-event-in-san-francisco/
http://en.wikipedia.org/wiki/VisTrails
http://en.wikipedia.org/wiki/ACM_Transactions_on_Graphics
http://en.wikipedia.org/wiki/Barack_Obama

http://en.wikipedia.org/wiki/Columbus,_Ohio

http://en.wikipedia.org/wiki/Joe_Biden

http://en.wikipedia.org/wiki/John_McCain

[URL Completion, Safari]

PowerPoint.Shape pic = sld.Shapes.
20, 20, 128, 128, "multiple -§ addpiagram
//PowverPoint.3hape pic = Global -§ addLabel
FF "d:/hvo/vge/sre/vistrails =¢ addline
¥ Microsoft.Office.Core.Mso @ AddMediaObject

visualizaticn
visualizations for windows media player 1,670,000 results
visualization technigues 954,000 results
visualization tools 2,090,000 results
AT - I l o e visualization board 3,380,000 results
e e e xo
nLabel, Microsoft, Office. Core.MsoTriState Link) @ AddPicture Ud e : 210,000 romuts
. ; visualization toolkit 368,000 results
//System.Diagnostics.Process. St -9 AddPlaceholder

isualizati i 756,000 result
£ "d:/hvo/vge/sre/vistrails -9 AddPolyline v!sual!zat!on technique 56,000 results
& Addshape visualizations photography 1,830,000 results

-® AddTable visualization meditation 190,000 results

visualizations for media player 1,050,000 results
close

P
.
—

[Code Completion, Intellisense]
[Web Search Completion, Google]
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Visualization Pipeline Completions

0ooood >

vtkDataSetReader
[m]

00000000000 »
vtkStreamTracer

vtkContourFilter

O00ooooaam
vtkPolyDataMa@i

VTKCell
[m]

David Koop
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ooooog >
vtkDataSetReader

[}

oooooooo 2

20

MO0000000o0
vtkDataSetMay

Oomoo »

VTKCell
[m]

Q ATPESC 2014

0ooooo
vtkDataSetReader

0o0000o00M »

vtkMaskPoints
20

O000000000a
vtkGlyph3D

OO0o0o00oooo
vtkPolyData

@O0000 Ty
vtkActor

1]

Ooooodooo »

vtkRenderer
In|

(WL (w]m] >

VTKCell
[m]
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VisComplete Overview

e Mine provenance collection: Identify graph fragments that co-occur
iNn a collection of workflows (Data-Driven

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

rﬁﬁﬁﬁ: B
vikUnstructurodGridRoader

[ 1 e st ) ‘ f
W VisTrails Builder - Untitled.xmi* Sl sies s s 14 VisTrails Builder - Untitled.xml*
Fle Edit \View Run Extras  Help vikContourFiltor ‘ " Ble Edt View Rur Extras  Help

[ < @& = | & =X /m [ ) —— e = J H < . = | A =2 mm r | o

Open Save Execute  Undo Pipeline | History Query Exploration | Select New Open Save Execute  Undo Pipeline History Query Exploration | Select Pan

Modules 81X | unttled.xmi* - Madules X Untitled.xmi*
Fiter
VTK 3 VTK
vkAppendFiter vtAppendFilter
- ‘: vtkAttributeDataToFie
wkBandedPolyO vtkBandedP

wvkBLtt orflys
0000000000 3
vtkContourFilter

TCRCONo00 )
vikRenderer

vkDataSetT: ct
wkDataSet¥iangleFiter
vkDecimatePolfineFiter
wkElevatior
wkFieldDataTo
wikFiloleskiter

vk

utlinesite
vtkGenericProbeFiter

GeometryFilter

deentFilter
LayoutFilte:
wikHierarch
viHierarchica
reeContourf
2DualGrd... vtkHyperOctreeDuaiGrid

rOctreeSurfacef... = vtkHyperOctreesSurfacer
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Suggestion Interface

VisTrails Builder - Untitled.xml*
File Edit View BRun Vistrail Extras Help

B U HE ® e e[=m|la € @m

New Open Save ~ Execute Undo Redo | Pipeline | History Query Exploration | Select
Modules &% Untitled.xml*l (X

@ |dataset v| X
= VTK =
- vtkBoxClipDataSet

- vtkClipDataSet

- vtkCompositeDataSetAlgorit...
- vtkDataObjectToDataSetFilter
- vtkDataSetAlgorithm

- vtkDataSetAttributes

- vtkDataSetCollection

- vtkDataSetEdgeSubdivision...
- vtkDataSetMapper :
| vtkDataSetReader
- vtkDataSetSurfaceFilter

- vtkDataSetToDataObjectFilter
- vtkDataSetTriangleFilter

- vtkDataSetWriter

- vtkExtractDataSets

- vtkGenericDataSetTessellator
- vtkHierarchicalBoxDataSet

- vtkHierarchicalBoxDataSetAl...
- vtkHierarchicalDataExtractD...
- vtkHierarchicalDataSetGeo...
- vtkimplicitDataSet

- vtkinterpolateDataSetAttrib...

- vtkMultiBlockDataSet E
vELMLFIRIA AL N st aCat Alanrithm L
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VisComplete Results
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VisComplete Results

000000 ooo Ooooooog
vtkDataSetReader vtkTransform vtkSphereSource
710 r m[m

o [ o [ ] O
vtkTransformFilter vthungeKutta4J
]

Jrim]
oooooooo ooooooou 00000000 (T o T [ o o )
vtkOutlineFilter vtkMaskPointsJ vitkArrowSource vtkStreamTracer
0 oo

] ] g

o o o o o 00000000
vtkGlyph3D vtkTubekFilter
O O

O O

rJ

vtkProperty J

OoOoooooooa OoOoooOoooaa OOoOooooooaa
O (]

vtkPolyDataMapper vtkPolyDataMapper vtkProperty J vtkPolyDataMapper
o r

Oooooo p
vikActor Loooo oooooo
vtkActor vtkActor _
|

0oooogd DﬁJ
vtkRenderer
2 User-Added

VTKCell
O

r— Completed
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Visualization by Analogy
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Visualization by Analogy

SO %] VisTrails - Spreadsheet - Untitled

n 2 [3)2 .| Export 4

Sheet 1  Sheet 2 . Sheet3 | (%]
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isualization by Analogy

SO %] VisTrails - Spreadsheet - Untitled

al 2 v) 2 .| Export y

g g
HrTPFe
g
W
g
o g
PythonSource
20
G
VDtaStReader
5o
1 EEEEEEE EEELEEEE
VlkCunlourFl“!’D

[OOOmO00000
VikDataSetMapper

@ »
PythonSource
niala]
EEEEEE »
VikDataSetReader
nls)

L
VtkActor
)
EEEEEEE
VikRenderer

g

ELEEEE

VTKCell
(2

g
:
i
s
[n]
i i
’ ’
) i
& [njuls] & [n[m[u|
. -
, g
2 . s sz
] ! vikSmoothPolyDataFiter y o
:
i ! g
i i
(0000000000000 b - (0000000000000 »
i i
s s
O] [n]

Sheet 1  Sheet 2 . Sheet3 | (%]

N\
N
N
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\r/
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Generating Visualizations 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

M SR
|.-a‘(’ EAFOIG O/t C: 9560
SsEie IS St

SO N: 2580

0: 2680
S:60

PDB Entry
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Generating Visualizations by Analogy
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Generating Visualizations by Analogy

e Compute difference A(A,B) from
provenance

- D = A(A,B) o C is often not a valid
workflow A = DIFF(A, B) | (&
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Generating Visualizations by Analogy

e Compute difference A(A,B) from
provenance

- D = A(A,B) o C is often not a valid
workflow

e Find map between A & C: map(A,C)

David Koop A\ ATPESC 2014
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Generating Visualizations by Analogy

e Compute difference A(A,B) from
provenance

- D = A(A,B) o C is often not a valid
workflow

e Find map between A & C: map(A,C)

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

“D=Mac(AB)o C

David Koop A\ ATPESC 2014
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PDB Report

M = MAP(A, C) |
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VisMashup

(w] »
HTTPFile
(m] »
Omega_frame
(Float) ) 000000000 [3
[u] vtkPLOT3DReader
u]
O »
Propagation_Time (W[w] »
1722 SwitchCoord
> [u]
Red_conts I Blue_
(Group) : (G
]

0000Mo000 »
vtkRenderer

n|

OHO0000 »
VTKCell

[u]

Acquire and
Analyze
Pipelines
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HTTPFile

00000000 >
vtkStructuredGridOutlineFilter ol
n

0000000000  »
vtkPolyDataMapper
n

O0M000 »
vtkActor

4] Stars

BEX

omega_frame -0.06 .
rho_min 0.001 v

v

propagation_time 3.2 | v

v

[] Turn on auto-update

| update ||  ouit

Create Views
(Simplify
Pipelines)

Combine
Views

ﬁ

App generation
and deployment
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Provenance in the Wild
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Provenance-Rich Publications

Galois Conjugates of Topological Phases

M. H. Freedman,' J. Gukelberger,> M. B. Hastings,' S. Trebst,' M. Troyer,?> and Z. Wang'

'Microsoft Research, Station Q, University of California, Santa Barbara, CA 93106, USA
2Theoretische Physik, ETH Zurich, 8093 Zurich, Switzerland
(Dated: July 6, 2011)

Galois conjugation relates unitary conformal field theories (CFTs) and topological quantum field theories
(TQFTs) to their non-unitary counterparts. Here we investigate Galois conjugates of quantum double models,
such as the Levin-Wen model. While these Galois conjugated Hamiltonians are typically non-Hermitian, we find
that their ground state wave functions still obey a generalized version of the usual code property (local operators
do not act on the ground state manifold) and hence enjoy a generalized topological protection. The key question
addressed in this paper is whether such non-unitary topological phases can also appear as the ground states of
Hermitian Hamiltonians. Specific attempts at constructing Hermitian Hamiltonians with these ground states
lead to a loss of the code property and topological protection of the degenerate ground states. Beyond this we
rigorously prove that no local change of basis (IV.5) can transform the ground states of the Galois conjugated
doubled Fibonacci theory into the ground states of a topological model whose Hermitian Hamiltonian satisfies
Lieb-Robinson bounds. These include all gapped local or quasi-local Hamiltonians. A similar statement holds
for many other non-unitary TQFTs. One consequence is that the “Gaffnian” wave function cannot be the ground

non-Hermitian DYL model

o 3

—
-
(@\
=
H
w
©
—
=
A
+—
<
5
i®]
s
o
Q
b
og)
>
[\
\O
(@
)
\O
-

arxXiv

state of a gapped fractional quantum Hall state.

PACS numbers: 05.30.Pr, 73.43.-f
I. INTRODUCTION

Galois conjugation, by definition, replaces a root of a poly-
nomial by another one with identical algebraic properties. For
example, 7 and —i are Galois conjugate (consider 22 + 1 = 0)
as are ¢ = HT‘@ and —i = % (consider 22—z —1 = 0),

as well as V/2, ¥/2¢2™%/3, and ¥/2e~27%/3 (consider z° — 2 =
0). In physics Galois conjugation can be used to convert non-
unitary conformal field theories (CFTs) to unitary ones, and
vice versa. One famous example is the non-unitary Yang-Lee
CFT, which is Galois conjugate to the Fibonacci CFT (Gz)l,
the even (or integer-spin) subset of su(2)s.

In statistical mechanics non-unitary conformal field theo-
ries have a venerable history.!> However, it has remained less
clear if there exist physical situations in which non-unitary
models can provide a useful description of the low energy
physics of a quantum mechanical system — after all, Galois
conjugation typically destroys the Hermitian property of the
Hamiltonian. Some non-Hermitian Hamiltonians, which sur-
prisingly have totally real spectrum, have been found to arise
in the study of PT-invariant one-particle systems® and in
some Galois conjugate many-body systems* and might be
seen to open the door a crack to the physical use of such
models. Another situation, which has recently attracted some
interest, is the question whether non-unitary models can de-
scribe 1D edge states of certain 2D bulk states (the edge holo-
graphic for the bulk). In particular, there is currently a discus-
sion on whether or not the “Gaffnian” wave function could be
the ground state for a gapped fractional quantum Hall (FQH)
state albeit with a non-unitary “Yang-Lee” CFT describing its
edge.””’ We conclude that this is not possible, further restrict-
ing the possible scope of non-unitary models in quantum me-
chanics.

We reach this conclusion quite indirectly. Our main thrust
is the investigation of Galois conjugation in the simplest non-

David Koop
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Abelian Levin-Wen model.® This model, which is also called
“DFib”, is a topological quantum field theory (TQFT) whose
states are string-nets on a surface labeled by either a triv-
ial or “Fibonacci” anyon. From this starting point, we give
a rigorous argument that the “Gaffnian” ground state cannot
be locally conjugated to the ground state of any topological
phase, within a Hermitian model satisfying Lieb-Robinson
(LR) bounds® (which includes but is not limited to gapped
local and quasi-local Hamiltonians).

Lieb-Robinson bounds are a technical tool for local lattice
models. In relativistically invariant field theories, the speed of
light is a strict upper bound to the velocity of propagation. In
lattice theories, the LR bounds provide a similar upper bound
by a velocity called the LR velocity, but in contrast to the rel-
ativistic case there can be some exponentially small “leakage”
outside the light-cone in the lattice case. The Lieb-Robinson
bounds are a way of bounding the leakage outside the light-
cone. The LR velocity is set by microscopic details of the
Hamiltonian, such as the interaction strength and range. Com-
bining the LR bounds with the spectral gap enables us to prove
locality of various correlation and response functions. We will
call a Hamiltonian a Lieb-Robinson Hamiltonian if it satisfies
LR bounds.

We work primarily with a single example, but it should be
clear that the concept of Galois conjugation can be widely ap-
plied to TQFTs. The essential idea is to retain the particle
types and fusion rules of a unitary theory but when one comes
to writing down the algebraic form of the F'-matrices (also
called 65 symbols), the entries are now Galois conjugated. A
slight complication, which is actually an asset, is that writing
an F-matrix requires a gauge choice and the most convenient
choice may differ before and after Galois conjugation.

Our method is not restricted to Galois conjugated DFib¥

and its factors Fib¥ and Fibg, but can be generalized to in-
finitely many non-unitary TQFTs, showing that they will not
arise as low energy models for a gapped 2D quantum mechan-

@ ATPESC 2014 @

ground-state degeneracry splitting (E,-E;) x 100
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FIG. 6. (color online) Ground-state degeneracy splitting of the non-
Hermitian doubled Yang-Lee model when perturbed by a string ten-
sion (6 # 0).

Galois Conjugates of Topological Phases

[Freedman et al., 2012]
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Benefits of Provenance-Rich Publications

¢ Produce more knowledge—not just text

e Allow scientists to stand on the shoulders of giants (and their own)
e Science can move faster!

e Higher-quality publications

e Authors will be more careful

e Many eyes to check results

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

e EXpose users to different techniques and tools: expedite their
training; and potentially reduce their time to insight
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sion: Provenance-Rich Science
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@ ATPESC 2014

Improving the Visual

.

Fig. 7: Using the blog to document processes: A visualization expert
created a series of blog posts to explain the problems found when gen-
erating the visualizations for CMOP.
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Provenance and the Web

e CrowdlLabs: share approaches, results, data, and explorations
e Support visualization, online exploration

e o crowdLabs : Workflow Details
.. - h '” Login or Sign up | English 5] .
crowd

Profiles Vistrails Vismashups Packages asets ogs roups Projects Inbox (0)

White Stars
oaded By

Show Workflow ele
31, 2010

5 alil

Tags
Vistrail

Stars

Packages

edu.utah.sci.vistrails.basic

edu.utah.sci.vistrails.vtk
edu.utah.sci.vistrails.http
edu.lsu.switchcoord

Modules

Float

Group
vtkPolyDataMapper
vtkStructuredGridOutli...
vtkPLOT3DReader
vtkActor
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VisTrails for Teaching Scientific Visualization

e “Using VisTrails and Provenance for
Teaching Scientific Visualization”
[Silva et al., Eurographics Educator
Program, 2010] e

e Same features that scientists use
for exploratory tasks can also
benefit students

- Exploration: see all pipelines not
just a “final” one

- Comparison: see different
pipelines and what changes exist

- Assessment: see how a solution
was developed
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Provenance Analysis of Projects

Activity Histograms by Date

»
c
Q
e
(@)
<
-
@)
S
()
0
&
>
Z

David Koop A\ ATPESC 2014 [ NYU | souesmeseroo o5

Thursday, August 14, 14



http://www.vistrails.org
http://www.vistrails.org
http://www.vistrails.org
http://www.vistrails.org

Provenance Analysis of Projects

Comparing Paths to Solutions for Two Students
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Branching Structure for
Task 3 of User 2
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Conclusion
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Reproducibility Exploration
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Questions
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