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Assignment 5

e \Nork with time series & spatial data
e Shorter assignment

o* — ovg_cases e Cleaning, spatial rollup, rolling
average

| e Due April 30
o e Questions?
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Exam and Review

® E-Xam
- Tuesday, May 5 from 4-5:50pm
- Online
- Similar format to Test 2
- Comprehensive but with more focus on last few weeks of class
- Information online soon
* Review
- Thursday, April 30
- Submit questions via email or discussion
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Provenance in Computational Science

[ Visualization
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Data Management j

Improving the Visualizations for CMOP Part 3
by cmanusieon Macch 27, 2010
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Fig. 8: Visualizing a binary star system simulation.  This
is an image that was generated by embedding a workflow di-

1¢ (e —— rectly in the text. The original workflow is available at
- http://www.crowdlabs.org/vistrails/workflows/details/119/.
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Provenance Questions

- e \Vhat process led to the output image”

OOO0O000an
—> vtkStructuredPointsReader

DATA /m e \What iInput datasets contributed to the
SO output image”
/m ] e \What workflows create an isosurface with
SoCCOoC6e iIsovalue 577
/m e \Who create this data product?
e e \When was this data file created?

\M/ e \Why was vtkCamera used?

e \Why do two output images differ?

— IMAGE
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Provenance & Causality

e Knowing what data/steps influenced other data/steps is important!
e Data dependencies: this output file depended on this input file

e Data-process dependencies: this output figure depended on these
DrOCESSeS

e Causality can often be represented as a graph where connections represent
dependencies

exg:dataSet1

ey
Y wasGeneratedB . : wasGeneratedB
exc:composel <4 y exc:composition1 Used [ovcrillustrate: < . exc:charta

exc:regionList
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Provenance Capture Mechanisms

e Workflow-based: Since workflow execution is controlled, keep track of all
the workflow modules, parameters, etc. as they are executed

* Process-based: Each process Is required to write out Its own provenance
information (not centralized like workflow-based)

e OS-based: The OS or filesystem is modified so that any activity it does it
monitored and the provenance subsystem organizes it

e [radeoffs:
- Workflow- and process-based have better abstraction

- OS-based requires minimal user effort once installed and can capture
"hidden dependencies”
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Abstraction: Script, Workflow, Abstract Workflow

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

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

mapper = vtk.vtkPolyDataMapper ()
mapper.SetInput (contour.GetOutput ())
mapper.ScalarVisibilityOff ()

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

cam = vtk.vtkCamera ()
cam.SetViewUp (0,0, -1)
cam.SetPosition (745,-453,369)
cam.SetFocalPoint (135,135,150)
cam.ComputeViewPlaneNormal ()

ren = vtk.vtkRenderer ()
ren.AddActor (actor)
ren.SetActiveCamera (cam)
ren.ResetCamera ()

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

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

iren.Start ()

FileName .../head.120.vtk
Value (0,67)
ViewUp (0,0,-1)
Position (745,-453,369)
FocalPoint (-135,135,150)
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Abstraction: Script, Workflow, Abstract Workflow

data = vtk.vtkStructuredPointsReader () O0O0O00g4and
data.SetFileName (../examples/data/head.120.vtk) FileName /head.120.vik [ C— vikStructuredPointsReader

nju

contour = vtk.vtkContourFilter ()
contour.SetInput (data.GetOutput ())

contour.SetValue (0, 67) Read File

mapper = vtk.vtkPolyDataMapper () O0000OO00mon

mapper.SetInput (contour.GetOutput ()) Value (0,67) B ——— vikContourFilter
mapper.ScalarVisibilityOff () [

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

cam = vtk.vtkCamera () OoOO0Ooooho I

cam.SetViewUp(0,0,-1) ViewUp (0,0,-1)
cam.SetPosition (745,-453,369) . vtkDataSetMapper EXtraCt
cam.SetFocalPoint (135,135, 150) Position (745,-453,369)

cam.ComputeViewPlaneNormal () FocalPoint (_135’135,150) ISOSU rface

ren = vtk.vtkRenderer () \ |

OO0 O0O0
vikActor

ren.AddActor (actor) ]

ren.SetActiveCamera (cam) tKC
ren.ResetCamera () \' amera

renwin = vtk.vtkRenderWindow () I—T—I
renwin.AddRenderer (ren)

style = vtk.vtkInteractorStyleTrackballCamera ()
iren = vtk.vtkRenderWindowInteractor ()
iren.SetRenderWindow (renwin) IZIIZIIZIIZIEIIIIEIIZIIZIIZI
iren.SetInteractorStyle(style) vikRenderer
iren.Initialize ()
iren.Start ()

Render
Visualization

OmOoOOd
VTKCell

[l
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Abstraction: Provenance Views

ex:inputFile

ex:vtkStructuredDataReader

wasGeneratedBy

prov:startTime 2015-08-11T10:30:00

ex:ReadFile

ex:vtkContourFilter

wasGeneratedBy

wasGeneratedBy

prov:startTime 2015-08-11T10:30:05

ex:vtkDataSetMapper Q I S 't r 't

wasGeneratedBy

prov:startTime 2015-08-11T10:30:06 —> eX:EXtraCtISOSllrface

sed

ex:dataset prov:startTime 2015-08-11T10:30:00

ex:vtkCamera ex:vtkActor wasGeneratedBy
wasGeneratedBy wasGeneratedBy
prov:startTime 2015-08-11T10:30:07 provistartTime 2015-08-11T10:30:07 cX. lsosurface prov:startTime 2015-08-11T10:30:04

used

ex:vtkRenderer

wasGeneratedBy

ex:RenderVisualization

prov:startTime 2015-08-11T10:30:08

ex:VTKCell

wasGeneratedBy

wasGeneratedBy

ex:image

ex:image prov:startTime 2015-08-11T10:30:10

prov:startTime 2015-08-11T10:30:12
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Prospective and Retrospective Provenance

® Recipe for baking a cake versus the actual process & outcome
e Prospective provenance is what was specified/intended
- a workflow, script, list of steps
e Retrospective provenance is what actually happened
- actual data, actual parameters, errors that occurred, timestamps, machine

information
* Do not need prospective provenance to hagsctmaaaaae-2rOvenance!
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PROV: Three Views of Provenance

wasDerivedFrom

wasAttributedTo

wasInformedBy : actedOnBehalfOf
: [Moreau et al., 2014]
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Provenance-Enabled Systems

Table 1. Provenance-enabled systems.

Retrospective

System Capture mechanism Prospective provenance provenance Workflow evolution
REDUX Workflow-based Relational Relational No

Swift Workflow-based SwiftScript Relationa No

VisTrails Workflow-based XML and relational Relationa Yes

Karma Workflow- and Business Process Execution XML No

process-based Language

Kepler Workflow-based MoML MoML variation Under development
Taverna Workflow-based Scufl RDF Under development
Pegasus Workflow-based OWL Relational No

PASS OS-based N/A Relational No

ES3 OS-based N/A XML No

PASOA/PreServ Process-based N/A XML No

[Freire et. al, 2008]

Northern Illinois University 12
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Provenance-Enabled Systems

Available as open

System Storage Query support source?
REDUX Relational database management SQL No
system (RDBMYS)

Swift RDBMS SQL Yes

VisTrails RDBMS and files Visual query by example, specialized Yes
language

Karma RDBMS Proprietary API Yes

Kepler -iles; RDBMS planned Under development Yes

Taverna RDBMS SPARQL Yes

Pegasus RDBMS SPARQL for metadata and workflow; Yes
SQL for execution log

PASS Berkeley DB nq (proprietary query tool) No

ES3 XML database XQuery No

PASOA/PreServ Filesystem, Berkeley DB XQuery, Java query API Yes

[Freire et. al, 2008]
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Provenance-Enabled Systems

Available as open

System Storage Query support source?
REDUX Relational database management SQL No
system (RDBMYS)

Swift RDBMS

e
VisTrails RDBMS and files ‘A Yes
Karma RDBMS J U pyte Y -

Yes

Kepler Files; RDBMS planneg Yes
Taverna RDBMS Yes
Pegasus RDBMS Yes
PASS Berkeley DB nq (proprietary query tool) No
ES3 XML database XQuery No
PASOA/PreServ Filesystem, Berkeley DB XQuery, Java query API Yes

[Freire et. al, 2008]
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loday: Iwo types of provenance

e Database Provenance
e Evolution Provenance
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Database Provenance

o \otivation: Data warehouses and curated databases
- Lots of work
- Provenance helps check correctness
- Adds value to data by how It was obtained

e [hree lypes:

- Why (Lineage): Associate each tuple t present in the output of a query with a
set of tuples present in the Input

- How: Not just existence but routes from tuples to output (multiple contrib.'s)

- Where: Location where data is copied from (may have choice of different
tables)

[Cheney et al., 2007]

D. Koop, CSCI 490/680, Spring 2020 Northern Illinois University 15



Provenance In Databases

A. Amarill
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http://kocoon.gforge.inria.fr/slides/amarilli.pdf

Why Provenance

Agencies | e | Ineage Of (HarborCruz, 831-3000) :
name based_in phone
t1: | BayTours San Francisco | 415-1200 {Agencj_es (t2) ,ExternalTours (t7/) }
to: | HarborCruz | Santa Cruz 831-3000

¢ | Ineage of (RayTours, 415-1200):

ExternalTours . —

name destination type price {Agencnes (tl) P ExternalTours (t5, t6) }
ts: | BayTours San Francisco | cable car $50 o .
t: | BayTours | Santa Cruz | bus $100 ® This Is not really precise because we
t5: | BayTours Santa Cruz boat $250 |
te: | BayTours Monterey boat $400 dOﬂ T ﬂeed bOth thH aﬂd t 6 —Only
t7: | HarborCruz | Monterey boat $200 .
ts: | HarborCruz | Carmel train $90 one IS Ok

Q1:

SELECT a.name, a.phone

FROM Agencilies a, ExternalTours e

WHERE a.name = e.name AND e.type='boat'

Result of ()1:
name phone

BayTours 415-1200
HarborCruz | 831-3000

[Cheney et al., 2007]
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How Provenance

Agoncies . * How provenance gives more detalil
name based_in phone
t1: | BayTours San Francisco | 415-1200 '
to: | HarborCruz | Santa Cruz 831-3000 abOUt hOW the tu p‘es prOVIde
e witnesses 1o the result
name destination type price
ts: | BayTours San Francisco | cable car $50 ' _ .
tr | BayTours | Santa Cruz | bus $100 ® Prov Of (San Francisco, 415-1200):
t5: | BayTours Santa Cruz boat $250
te: | BayTours Monterey boat $400 { { C 1 } 4 { C 1 4 C 3 } }
t7: | HarborCruz | Monterey boat $200 . ]
ts: | HarborCruz | Carmel train $90 ® t 1 CO n'trl butes tWICe
Q2: .
SELECT  e.destination, a.phone Result of Q2: ® US@S prOvenan Ce Sem I rl ﬂgs (the
FROM Agencies a, destination phone . . 0 .
(SELECT | San Francisco | 415-1200 | t1 - (t1 + t3) )
LECT name, | S Mranciseo [ 00 1 polynomial™ shown on the right
FROM Agencies a Santa Cruz 415-1200 | t1 - (ta + t5)
UNION Monterey 415-1200 | tq1 - tg
SELECT name, destination Monterey 831-3000 | t1 - t7
FROM ExternalTours ) e Carmel 831-3000 | t1 - ts

WHERE a.name — e.name

[Cheney et al., 2007]
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VWhere Provenance

® \\here provenance traces to specific

Agencies
name based_in phone :
t1: | BayTours San Francisco | 415-1200 ‘Ocatlons, nOt the tUD‘e Va‘ues
to: | HarborCruz | Santa Cruz 831-3000
I .
o e Q and Q' give the same result but
xternalTours
name destination type price '
ts: | BayTours San Francisco | cable car $50 the name COmeS from d Iﬂ:e rent
t4: | BayTours Santa Cruz bus $100
ts: | BayTours Santa Cruz boat $250 p‘aces
te: | BayTours Monterey boat $400 .
tr: | HarborCruz | Monterey | boat | $200 e Prov of HarborCruz In second output:
ts: | HarborCruz | Carmel train $90
(tZ2, name)
Q1 Q1 : : :
SELECT  a.name, a.phone SELECT  e.name, a.phone ® |mp0rtant In an ﬂOtathﬂ-prOpOgathn
FROM Agencies a, ExternalTours e FROM Agencies a, ExternalTours e
WHERE  a.name = e.name WHERE  a.name = e.name
AND e.type=‘boat’ AND e.type=‘boat’

Result of ()::
name phone

BayTours 415-1200
HarborCruz | 831-3000

[Cheney et al., 2007]
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Evolution Provenance
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Data Exploration

Data

—>[ Computation ]—»

|

Specification

Data
Products

. |

-

Perception &
Cognition

Knowledge

[Modified from Van Wijk, Vis 2005]
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Data Exploration

]

Data —>[ Computation ]—» Data —_— Perception &

Products _ Cognition

Specification | ————————

[Modified from Van Wijk, Vis 2005]

—>| Knowledge

e Data analysis and visualization are iterative processes
® |n exploratory tasks, change is the norm!

D. Koop, CSCI 490/680, Spring 2020 Northern Illinois University 21



Exploration and Creativity Support

e Reasoning Is key to the exploratory processes

o “Reflective reasoning requires the ability to store temporary results, to make
INnferences 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

D. Koop, CSCI 490/680, Spring 2020 Northern Illinois University 22




Change-based Provenance: Photo Editing

e Jser Actions
original )—}

7 [\

El Brightness/Contrast
El Unsharp Mask

© @ Grayscale
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Change-based Provenance: Photo Editing

e ser Actions
original )—}

dll“
- \

darkened )
e L
Y

”lli“!l
'32""‘||'\ |

|

LT
| Wl

E-l Brightness/Contrast

_;? El Watercolor
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Version lrees

e Undo/redo stacks are linear!

* \Ve lose history of exploration
e Old Solution: User saves files/state

e \/isTrails Solution:

- Automatically & transparently capture GKD -
entire history as a tree ' /

- Users can tag or annotate each version

- Users can go back to any version by
selecting 1t in the tree

D. Koop, CSCI 490/680, Spring 2020 Northern Illinois University 24



VisIralls

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. Elliqvist, L. Carlo,
D. Koop, L. Lins, P. Mates, D. Rees, E. Santos, C. Scheidegger, N. Smith, H. Vo

P~ i
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Vislralls

e Comprehensive provenance infrastructure for computational tasks

® FOcus on exploratory tasks such as simulation, visualization, and data
analysis

o [ransparently 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 usabllity —build tools for scientists
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SAHM: Modeling the Spread of Invasive Species
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SAHM: Modeling the Spread of Invasive Species

O O O
Directory File File
i rajm; O
Li
TemplateLayer w FleIdData -
OOMmM mOooooooog
PARC FieldDataQuery OE00000
I J BoostedRegressionTree

\ /\/ / (I o \
LifLif]

FieIdAftaAggregateAndWeight
Z\

. OmOo0oOgOod l SAHMSpatialOutputViewerCell
GLM —

LilLi[m] =] SAHMModelOutputViewerCell \
MDSBuilder
n
OOm
OmOO000 SAHMSpatialOutputViewerCell
MARS
LIn]= - 0Oo0000000 ———
ModeIEvaIuatlonSplltm \ SAHMModelOutputViewerCell \
OOo0m
i Onoooo0 SAHMSpatialOutputViewerCell
o0 R
. N andomForest
ModelSelectionCrossValidation OOO000000

n
/

Ooomad
SAHMModelOutputViewerCell

—

Li[ ]
CovariateCorrelationAndSelection

A

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

.0 O O “ The Ultrascale Visualization Climate Data Analysis Tools - (UV-CDAT) |

00 projects [Ssneers I © © Variables
) = ) = _Jzﬁllgfo“va:%—z‘fE'c»*%gﬁjﬁ

v :0 %Oé::: t11 A -- Relative_humidity (14, 181, 360)
S Shetl o oal --t(5, 7, 46, 72)
- unt!t @ -- t_genutil_averager (5, 7, 46)
untitled* @ A2

Calculator

00 Plots

Volume Render With Slicer

’ Matplotlib
' PVClimate
v VCS
Boxfill
Isofill
Isoline
Meshfill
Outfill
Outline
Scatter
Taylordiagram
Vector
XvsY
Xyvsy
Yxvsx

a_yxvsx

default

Enter CDAT command and press Return

4 VvV VvV VY VYYVYYYYY

Plot default
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UV-CDAT: Climate Science

“’ The Ultrascale Visualization Climate Data Analysis Tools - (U

_|ldl2 Bl ) eemy Ry K B F E =G >3 v 00000000000
DDDDDDﬁ]DE'I‘DD A [ Relative humidity (14. 181, 3 CDMSVariable
CDMS_FileReader CDMSVariable — CgenutiLaverager 5, 7 4 -
n /EDD \
7 R 00O00000Mm
n 5 Y. . . genutil.averager

(CDMSUnaryVariableOperation)
CDMS_VolumeReader . /m

= S ' | G Doooooon
- | | — Calculator
(CDMSUnaryVariableOperation)

L n
VolumeRenderer o —
. | CellLocation CDMSYxvsx
L sof n n
MapCell3D , Enter COAT / /
il

I'I; ‘ . T.i ,; ‘ L ] ]' EG *| + mm
I_*' Ad k3 il | - CDMSCell
P S —
4' l’ o .” x| ' -
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UV-CDAT: Climate Science

e N O 2] UV-CDAT - Spreadsheet - Untitled

% Q_—,_ H 1 13 . Export ¢ x -.-;A] —'{j 9 @ Save Camera

t\q"‘,"."(

AT I B

EEEEN

gSncep:eastward_wind gSncep:eastward_wind

ID. N. Williams, T. Maxwell, E. Santos, et al., LLNL, NASA, NYU]

| Sheet 1 |
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ALPS: Large Quantum Simulations

oooad

LoopMonteCarloParameters
] oo PythonSource
IterateValue Parameter jo
N [
o G
oomo [LiJ ] IterateValue 0.161
ladder SpinModel | .
) ]
— — 0.14}
(JLL] omo
LatticeModel Temperaturem 0.12f
| >
e
]
a
S D imulationlD g 0.08}
MonteCarloSimulation anusuon 3
N " L |
~ 0.06
x(T) =0.06/v Texp(—0.29/T), T,,, =0.05
- / 0.04¢ —  x(1)=0.23/VTexp(—0.18/T), T,,,, =0.05 ||
SheetReference LiL] 0.02} — QMC data for L=10
MakeParameterXMLFil?js ) —  QMC data for L=20
0.00 .
0.0 0.1 0.2 0.3 0.4 0.5
o o o} T
AppLoop
[mjnm]
[W]L
EvaluateLoop
0.16f
0.14¢
0.12
mooo z
. ] = 0.10}
GetResuItFlIe&| PythonSource %
9 0.08f
LW 3
LoadAlpsHdf5 Y 0.061
| x(T) =0.42/V Texp(—0.38/T), T, =0.1
¥ 0.041 —  X(T)=0.15/V Texp(—0.16/T), T,,,, =0.1
|:”E‘c‘):I‘IectXY = @] 0.02} — QMC data for L=10
] Floaélm Float ' — QMC data for L=20
ooo \ 0.00 ‘ ‘ ‘
LegendDescriptor m 0.0 0.1 0.2 0.3 0.4 0.5
+ Transform T
ooooo
AxisDescriptor L]
0l TransformProperties T [ ]
) - . 0.16
NonlinearFit
ooooo |
AxisDescriptor N 0.14r i
i mm
] TransformProperties 0.12}
CellLocation o Py
) L = 0.10¢ ]
ConcatenateDataSets 2
2 3 0.08} ]
iuiuilui[a] Y 0.061
PlotDescriptor —  X(T)=0.19/V Texp(—0.30/T), T,,,, =0.3
) 0.04| _ 011V Texof— _aal
7 x(T)=0.11/V Texp(—0.14/1), T,,,,, =0.3
Lila] 0.021 — QMC data for L=10 |
MpIXYPlot ' — QMC data for L=20
m 0.00 1 1 1 1
— 0.0 0.1 0.2 0.3 0.4 0.5
Li T
MplFigure
m]n]
/\/
Lilii]

[M. Troyer et al., ETH-Zurich]

D. Koop, CSCI 490/680, Spring 2020 @ Northern Illinois University 31



Workflows

O
HTTPFile

n

O
CSVFile

Om
TableCell

Parameters

HTTPFile.url

web.mta.info/.../fares 130824.csv

CSVFile.skip_lines

2

JoinTables.left _col

STATION

JoinTables.right_col

_key

MplAxesProps.xlabel

Full Fares Purchased

HTTPFile

HTTPFile

/ m

L

CSVFile
QOO

e

JSONFiIe

\_—

OMmOoOn
JoinTables

n

Omoo
ProjectTable

n

O
GMapCell

REMOTE STATION FF ¥  SEN/DIS  7-DAFASUNL D AFAS/RMF| JOINTRRTKT ~7-DUNL  30-D UNL Little Falls 5 & A rf” N k97 rcheste “Preseq Map
1 RO11 42ND STREET & 8TH AVENUE 00228985 00008471 | 00000441 00001455 00000134 00033341 00071255 ,_J(A) Clifton passaic @@ O 7 gé’ o - bt 120000 East 161st Street and River Avenue
2 R170 14TH STREET-UNION SQUARE 00224603 00011051 |00000827 | 00003026 00000660 00089367 00199841 v 3) ol OCB"”B'}‘? RPN 122 L
3 RO46 42ND STREET & GRAND CENTRAL | 00207758 00007908 A 00000323 | 00001183 00003001 | 00040759 00096613 '\‘P‘.}“‘-‘” Nutley 7 e 100 (0 ) B ’-b;w q:‘,ﬂ,;,,., \,w(,:,rf»"‘.'.i,[,.‘
4 RO12 34TH STREET & 8TH AVENUE 00188311 00006490 00000498 00001279 00003622 00035527 00067483 8 Bloomifield rndhuet r;nf(r;(t‘]" Park. & - ene . ower et P 100000
s R203 34TH STREET - PENN STATION 00168768 00006155 | 00000523 | 00001065 00005031 00030645 00054376 ange{ + Belleyille ] Whitestone e Roshn
6 RO33 42ND STREET/TIMES SQUARE 00159382 00005945 | 00000378 00001205 00000690 00058931 00078644 Union City ; piz ""'_ -
East Orange Kearny ) Weehawker > E Iu‘lmq g Dguglaston z 80000
7 RO22 34TH STREET & 6TH AVENUE 00156008 00006276 | 00000487 00001543 00000712 00058910 00110466 @ S 5 Roysice 3
s RO84 59TH STREET/COLUMBUS CIRCLE | 00155262 00009484 | 00000589 | 00002071 00000542 | 00053397 00113966 gimount ERa ) U8/ Hoboken W'Wv'f’:“ 2 pogPark * Norh New,  MEFS £
s RO20 47-50 STREETS/ROCKEFELLER 00143500 00006402 | 00000384 00001159 00000723 00037978 00090745 Aindiah Newar > Beraey City) Newpor ok 'Cb Queens S} ,.,u.;,k g i aj 60000
10 R179 86TH STREET-LEXINGTON AVE 00142169 00010367 | 00000470 | 00001839 00000271 00050328 00125250 W P~ 5 o 5’0 0~ Village ot E‘
11 RO23 34TH STREET & 6TH AVENUE 00134052 00005005 | 00000348 | 00001112 00000649 00031531 00075040 e i ) L pace Emont  Sausre  Her 3
12 RO29 PARK PLACE 00121614 00004311 00000287 | 00000931 00000792 00025404 00065362 oY, S SR #0000
13 RO47 42ND STREET & GRAND CENTRAL | 00100742 00004273 | 00000185 00000704 00001241 00022808 00068216 A f Bayonney, U262y pegrry e Valey Al
14 RO31 34TH STREET & 7TH AVENUE 00095076 00003990 | 00000232 | 00000727 00001459 | 00024284 00038671 (ar)yiCentre 20000
15 RO17 LEXINGTON AVENUE 00094655 00004688 | 00000190 | 00000833 00000754 00020018 00055066 WP 2 ”"‘ bu R v Oceansid
16 R175 8TH AVENUE-14TH STREET 00094313 00003907 | 00000286 00001144 00000256 00038272 00074661 den Bloomfiel TN ' 3
17 ROS7 BARCLAYS CENTER 00093804 00004204 | 00000454 00001386 00001491 00039113 00068119 W “’ st gl : %) 8 Vernapah sa o e \slnd Park 0 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
18 R13R WEST 4TH ST-WASHINGTON SO 00093562 | 00004677 | ONNN0O251 | DONNNIES  000NN127 | 00NITAE2R 00074458 Arrochar o gﬁgmf\ : Map data €2012 Google  Terms of Use + Aaport a map efmor

Ooa

DateRange
(PythonSou rce

IIZI H
GetFareData
Group

=

ftoo _
Map BwldLabeIs

n (PythonSource)

= ;

L————

MplFigureProperties

Li[m OOOmm
MpliBar MplAxesProperties

%
mmmo
MplFigure

ne
L

MplFigureCell
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Capturing Exploration: Version Tree of Workflows

station IocatloD

sum of ffs - . roadway Ilne broadway diff @
i IgetF gsData i .!D teR ge
I |

a
HTTPFile HTTPF Ie
]
=[] |
Map BuildLabels
(PythonSource)

onsource i
30-D weekly

MplFigureProperties MplBar MplAxesProperties \
rd 1 1 =
in
]
[LATLTLi]
MplFigure
pa
(WL
MplFigureCell

HTTPFile

initial data

CSVFile JSONF le
goo n

Pr: olectTabIe

GM apCell
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Capturing Exploration: Version Tree of Workflows

Gected data

Gtatlon mD

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

2 R170 14TH STREET-UNION SQUARE 00224603 00011051 | 00000827 | 00003026 00000660 00089367 00199841

3 RO46 42ND STREET & GRAND CENTRAL | 00207758 | 00007908 | 00000323 | 00001183 00003001 00040759 00096613

4 RO12 34TH STREET & 8TH AVENUE 00188311 00006490 | 00000498 | 00001279 00003622 | 00035527 00067483

s R203 34TH STREET - PENN STATION 00168768 00006155 | 00000523 | 00001065 00005031 00030645 00054376

6 RO33 42ND STREET/TIMES SQUARE 00159382 | 00005945 | 00000378 | 00001205 00000690 | 00058931 00078644

7 RO22 34TH STREET & 6TH AVENUE 00156008 00006276 | 00000487 | 00001543 00000712 00058910 00110466

s R84 SOTH STREET/COLUMBUS CIRCLE | 00155262 | 00009484 | 00000589 | 00002071 00000542 | 00053397 00113966

s RO20 47-50 STREETS/ROCKEFELLER 00143500 00006402 | 00000384 | 00001159 00000723 00037978 00090745

10 R179 86TH STREET-LEXINGTON AVE 00142169 00010367 | 00000470 | 00001839 00000271 | 00050328 00125250

1 RO23 34TH STREET & 6TH AVENUE 00134052 00005005 | 00000348 | 00001112 00000649 00031531 00075040 - -

12 RO29 PARK PLACE 00121614 00004311 | 00000287 | 00000931 00000792 | 00025404 00065362 statlon Iocatlons
13 RO47 42ND STREET & GRAND CENTRAL | 00100742 | 00004273 | 00000185 | 00000704 00001241 | 00022808 00068216

14 RO3L 34TH STREET & 7TH AVENUE 00095076 00003990 | 00000232 | 00000727 00001459 00024284 00038671

15 RO17 LEXINGTON AVENUE 00094655 00004688 | 00000190 | 00000833 00000754 00020018 00055066

16 RI7S 8TH AVENUE-14TH STREET 00094313 00003907 | 00000286 | 00001144 00000256 00038272 00074661

17 ROS7 BARCLAYS CENTER 00093804 00004204 | 00000454 00001386 00001491 00039113 00068119

1w R1IR WEST 4TH ST-WASHINGTON SO | 00093562 | 00004677 | 00000251 | 00000965 | 00000127 | 00031628 00074458

Gdded fares

november 2 data difference

@ember ff

@adway@ ‘ broadway diff map

Todt

Arrochar

Wicodmere

Istend Park.

EOWock:
Map cata €012 Google  Terms ot Use  Repon a map emor

East 161st Street and River Avenue
120000
100000
—
80000
b
8
Z
g
5
t 60000 Uychester
2 eds o
2 Pidgehield Manhasset Ser
“oo00 Mantclain ) ey 7, SAherod ) (e s W ngton
Lynd > >
Bloontfield North Fower bl
30-D weekl : 2 (G5
20000 Belleyille Ncls’ r Whitestone reatneck &
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EastOrange  JKearny jeehgwhen y ' Elushing Dguglaston z
" O A Flghr® S Bayside »
o Saimount 2 Wi Qe e Alley” s 3 neal
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 5 s Hobokel] L osX WWM S poSdPark Nouh New pncos
Date RO o 3 ce Park
Jersey City) Mevser 9, o D Queens J4 Sarden
ForeSOs au
7 00 Village Frankin
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0y R o st Aans Valley
Bayonnen e 6o 5 8 b
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Capturing Exploration: Version Tree of Workflows

=
1 ROIL 42ND STREET & 8TH AVENUE 00228985 00008471 | 00000441 00001455 00000134 00033341 00071255
2 R170 14TH STREET-UNION SQUARE 00224603 00011051 | 00000827 | 00003026 00000660 00089367 00199841 -
3 RO46 42ND STREET & GRAND CENTRAL | 00207758 00007908 | 00000323 00001183 00003001 00040759 00096613
4 RO12 34TH STREET & 8TH AVENUE 00188311 00006490 | 00000498 | 00001279 00003622 00035527 00067483
s R293 34TH STREET - PENN STATION 00168768 00006155 | 00000523 | 00001065 00005031 00030645 00054376
& RO33 42ND STREET/TIMES SQUARE 00159382 00005945 | 00000378 | 00001205 00000690 00058931 00078644
7 RO22 34TH STREET & 6TH AVENUE 00156008 00006276 | 00000487 | 00001543 00000712 00058910 00110466
8 RO84 S9TH STREET/COLUMBUS CIRCLE 00155262 00009484 | 00000589 | 00002071 00000542 00053397 00113966
s RO20 47-50 STREETS/ROCKEFELLER 00143500 00006402 | 00000384 00001159 00000723 00037978 00090745
10 R179 86TH STREET-LEXINGTON AVE 00142169 00010367 | 00000470 | 00001839 00000271 00050328 00125250
1 RO23 34TH STREET & 6TH AVENUE 00134052 00005005 | 00000348 | 00001112 00000649 00031531 00075040
12 RO29 PARK PLACE 00121614 00004311 | 00000287 | 00000931 00000792 00025404 00065362
13 RO47 42ND STREET & GRAND CENTRAL | 00100742 00004273 | 00000185 00000704 00001241 00022808 00068216
14 RO31 34TH STREET & 7TH AVENUE 00095076 00003990 | 00000232 | 00000727 00001459 00024284 00038671
15 RO17 LEXINGTON AVENUE 00094655 00004688 | 00000190 | 00000833 00000754 00020018 00055066
16 R175 8TH AVENUE-14TH STREET 00094313 00003907 | 00000286 00001144 00000256 00038272 00074661
17 ROS7 BARCLAYS CENTER 00093804 00004204 | 00000454 00001386 00001491 00039113 00068119

1w R1IR WEST 4TH ST-WASHINGTON SO 00093562 | 00004677 | 00000251 | 00000965 00000127 | 00031628 00074458 \

@ember ff november 2 data
SelectFromTable

— n
x —
SelectFromTable
n
sum of ffs broadway lin€ b
120000 East 161st Street and River Avenue “

/
<=
&

SelectFromTable

N [2) /\

SheetReference SelectFromTable
- o n ]
30-D weekly “ : I
CellLocation ProjectTable

ey s 3 Mineola
%4 Notth New
" Vyde Park

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

Garden

Floral Park
Village Franklin
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—

Rockville
“ " " ot
Oceansid

Istend Park.

GMapCell GMapCircleCell

le " Tams ot Use | Raport a map eror

=
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Workflow Evolution Provenance

[ [
HTTPFile HTTPFile

[ [

n n
HTTPFile HTTPFile /"“"/ ,/’"“"/
O Om

n n
CSVFile JSONFile
njujm [
///// ////// \\ p= —
Om WL

CSVFil JSONFil Da00a0n
ile ile .
pO0 n \ JoinTables -
4
—
BLa=
OmmOOo0O SelectFromTable .
JoinTables
//’_,,/ Ohoo
SelectFromTable
OmOod n
SheetReference SelectFromTable — 7
F 1 Omhoo
/ / SelectFromTable .
i BL[= — —
CellLocation ProjectTable OmaO
n n SelectFromTable o
— _/
Omo0
LI ProjectTable 0
GMapCell — —
L
GMapCircleCell
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Workflow Evolution Provenance
Comms

delete module “GMapCell”

_ _ delete module “CellLocation” e I
HTTPFile - HTTPFile - B . ' Dm/-—-/ DlﬂH
/ / delete module “ProjectTable csvee || sonrie
Do Do T 1) E’ﬂmunum
csveie | | isonrie delete module “SelectFromTable St
\ / B[R
DIIII'!IIDDDD LR SelectFromTable
JoinTables B
_— add module “SelectFromTable” i
OmoO
SheetReference SelectFromTable y ” @ ’ —
/m /m add parameter “float_expr” to “SelectFromTable odow
: : , )
8 P with value “latitutde > 40.6° B
| i SelectFromTable .
\ / delete parameter “float_expr” from “SelectFromTable” st
L] %MapCell » N - , ProjectTable .
add parameter “float_expr” to “SelectFromTable —

GMapCircleCell

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

® 00 mta-yankees.vt* - VisTrails
=) - - '
SN ", T - = -
006 Workspace Q06 Log Details
€ |E| 5 Search | M O > O [ 2 Go to this pipeline
| | | %
v Cirrent VIStralle DownloadFile DownloadFile
v J. mta-yankees.vt* [] Successful [] Error [] Cached
fl
! Wo:l: o(\'n;stest) B Not executed [[] Suspended
)
e 161st-River . o
W 30-D weekly 0 > 0O > Pipeline Start
:: added fares CSVFile JSONObiect B initial data + 1* 15:34 08/1...
..: August 16 DD DD ’ inltial da(a + 2' 15:35 08/1-..
00 — » W station map + 2* 15:36 08/1...
— 0B00000 » W station map + 4* 15:36 08/1...
& 8 | b 4 AggregateColumn »  station map + 8* 15:36 08/1...
, > station map + 13* 15:37 08/1...
% v| X O oooa » » heatmap + 2* 15:38 08/1...
Basic Modules JoinTables »  heatmap + 2* 15:38 08/1...
Control Flow M heatmap + 2* 15:38 08/1...
— Maps b heatmap + 2* 15:38 08/1...
GMapCell »  161st-River + 1* 15:38 08/1...
GMapCircles > 161st-River + 1* 15:39 08/1...
CMapHeatmap
apMarke heatmap + 2*
Start: 2014-08-14 15:38:21.759536
: C“a"s‘"““'st S alujele 4 End: 2014-08-14 15:38:23.430314
; matplotli ProjectTable User: dakoop
- My SubWorkflows Completed: Yes
> PythonCalc
> tabledata
- URL > Annotations:
> VisTrails Spreadsheet __reason__: Parameter Exploration
GMapHeatmap ed68fbc0-23f2-11e4-95d4-c42c0322b4cd
0_1.0
O >
GMapCell
O
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Execution Provenance

<module 1d="12" name="vtkDataSetReader" 0000000
start time="2010-02-19 11:01 05" vitkStructuredPointsReader
end time="2010-02-19 11:01:07"> H
<annotation key="hash" ////
value="c54beat6c3cb7d912a43ce" />
</module> 0ooogoofoo
vtkContourFilter
<module 1d="13" name="vtkContourFilter" njs
start time="2010-02-19 11:01:07"
end time="2010-02-19 11:01:08"/>
<module 1d="15" name="vtkDataSetMapper" 000000000
start time="2010-02-19 11:01:09" vtkDataSetMapper |
end time="2010-02-19 11:01:12"/>
<module 1d="16" name="vtkActor"
start time="2010-02-19 11:01:12"
end time="2010-02-19 11:01:13"/> o boodioao
<module id="17" name="vtkCamera" ‘m«mmmam BT
start time="2010-02-19 11:01:13"
end time="2010-02-19 11:01:14"/> \\
<module 1d="18" name="vtkRenderer"

OO000MmMO0O00
vtkRenderer

start time="2010-02-19 11:01:14"
end time="2010-02-19 11:01:14"/>

OmOoOodd

VTKCell
Ll
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Parameter eExploration

["l VisTrails Builder - terminator.xml Q@@

File Edit Wiew Run Vistrail Help

|j -,J H ‘ m-‘l ‘ 3 .g ‘E’ I*S ‘ @ R Pipeline \ Yersion Tree Query Parameter Exploration

Modules g X . — 7 Parameters g X
Search ’ Parameters I : Q&  search ]
(=) HTTP | A~ SAE R REI e R R . ytkCamera A
=- HTTP , || vtkContourFilter :: Set¥alue X Setviewlp(0, 0, -1)
HTTPFile SetPosition(745, -453, 369)

E VTK ) Integer |0 : Al ¥y @ SetFocalPoint(135, 135, 150)

YTKCell Float 50 i 70 ¥y e vtkContourFilter
= vtkBaseModule SetValueiD, 67) —

= wtkObjectBase vtkStructuredPointsReader 3
_ S wbkOhie T T

[/ visTrails - Spreadsheet - Untitled Q@@ gt atec el S

Main  View

— DO00000
1 vtk Structured Pairis Reader

n

L (m]e]nd aleims

vik Cortour Filter
L

EHO0O00000

vik[ata SetMapper
n

=] Lis[e=[=[=]s]
oA0o00maoa
vtk Renderer
n
(ul.
VT KCall

PE#0 terminator.xml 0 /
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Workflow Upgrades

O O O O
CSVReader n CSVReader - CSVReader . CSVReader
_/ 7
mﬁ yll —
: : Ll
StringToNumeric . StringToNumeric
7 =
Li[W[w L _ i
AggregateData StringToNumeric n StringToNumeric
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L l:l O Lif L[]
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ExtractColumn - ExtractColumn o ExtractColumn ExtractColumn
i . +
[ — / —
LiLi[ e[ L Iﬂ@]
MplScatterplot . MplScatterplot
— n
‘mf | —_ mf /I—
:
MpIFlgurlc%| MplFigure
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06 MplFigureCell oo MplFigureCell
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Workflow Upgrades

O
CSVReader
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StringToNumeric

n
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Lijn]n]
AggregateData
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Lijn]n]
AggregateData
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CSVReader
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StringToNumeric
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JoinData

el

Li[w
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/
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MplScatterplot
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MplFigure
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MplFigureCell
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Workflow Upgrades

O O O O
CSVReader n CSVReader - CSVReader . CSVReader
4 7
ﬁfﬁ ﬁfﬁ =
StringToNumeric o StringToNumeric
7 +
Li[W[w L _ i
AggregateData StringToNumeric n StringToNumeric
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Workflow Upgrades
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Provenance of Workflow Upgrades

a
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module
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Adding Provenance to 3rad-Party [ools
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Addlng Provenance to 3rad-Party [ools

E{ Daw} aw.n (tvezotre? aa|NeSvo|acH | BEE i B - Autodesk M ayas
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‘,,,,,.""‘f" R 2274 | i alea Sk 14 | Wq}_l_’_!
nn-:r 14 Jan 2009 12:LZ560 VN N e |

ParaView Provenance Recorder - silicium.vt

—— = ParaView
OEI@H 4 G Qﬁ P w Q @ @ @ gj ? e ‘ . D E KA > L e | : TIME ) =
Tag: E & i—_z[ © nrrd28278 '] [Surface '] X gﬁ Ri M ;Y-g ;ﬂ gj& @ @

Action: Apply

User: jmschrei @ @ @ @ \J @ @ L{; @
Date: 08 Jan 2009 16:09:37 .
Notes: Pipeline Browser 8 X [E]
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|
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Object Inspector

View

Visible [ Zoom To Data |

Color
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Map Scalars

Apply Texture |MNone
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[Edit Color Map.. ] [Rescale to Data

Slice

Slice Direction
< |
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mg Provenance to 3ra-Party lools

Autodesk Mayas
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@ ‘ﬁcunvtk
- ‘fL‘

Vislt 1.11.1

m Vislt Provenance Recorder - crotamine.vt* \;ﬂl\jﬂ | ) L]
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Add'ng Provenance to 3rd-Party lools
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VisIrails Provenance Plugin for ParaView

7~

M Kitware ParaView 3.4.0

=@ % |

ParaView Provenance Recorder

=@ 8 ]

i .Q 71 | @ Solid Color

\‘5 Rl =2l =%
ol O Al ) i\
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Properties

Display
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View
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Rescale to Data Range

LI

LA 26 ¢ »
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User:
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VisIrails Provenance Plugin for ParaView
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VisIrails Provenance Plugin for ParaView

(Ill Kitware ParaView 3.4.0 I = B X ll[ ParaView Provenance Recorder l = B X .P
/1e Sources Filters An Tools Helg eNO & VisTrails 2.0 beta
> BW ? :131& SRE D K> B e YAH & EBO ¢ OFHU
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Pipeline Browser & X v E SN E) @
ﬁ .................. <u d>
................. A :""
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More Resolution
Apply

Properties | Display | Information

View
Visible

<untagged>
Change Solid Color
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<untagged>
vtkSMRe
2011-12-7 11:57:47 pm

Rescale to Data Range

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

- e |Vhat process led to the output image?

Qooogog

—> vtkStructuredPointsReader

DATA /m o |/Vhat input datasets contributed to the
e i output image?
/m - e \What workflows include resampling and

S ssass Isosurfacing with isovalue 577
vtkDataSetMapper o

“vacamers || whactor e Graph traversal or graph patterns

\ / - How do we write such queries?

OOO00ommoooo

IMAGE
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Querying Provenance by Example

® Provenance Is represented as graphs: hard to specify queries using text!

o 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

DDDDDD

DDDDDDD

DDDDDD

Query Interface

000000

vtkStructuredPointsReader > |
mjn o

.........
wtkDataReader

sFleUnstructuredGnd ()

i
|
{
i
f
1 d
! e . ' ' ReadAlColorscalarson 0
‘ — - ReadallFieks Off 0
| - Lokl ~ ~ el - i‘eadmﬁe:st;ﬂf‘ :l
N Readain, IsO )
! ‘ DDDDDDDD ae:amy.z;:;:cn 0
! ReadAllScalarsOff 0=
| vtkOpenGLVolumeTextureMapper3D ) it NN 113
i D ! Properties #x
| — — — e— — — — — —L SetRleName
! - ‘, . [cortain v |28
‘ X
i
i
i

Contain w4877

GELEsEE)
viRStructuredPointsReader

I:esl:_ﬁles,fanon_48??‘_unq.=.=I:k
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Stronger Links Between Provenance and Data

package="edu.utah.sci.vistrails
<m exec 1d="6"
<param 1d="4" name="ComputeScalarsOn"

e Flenames are often the mode of
e - Always expected for exploratory tasks?
e Solution:

identification In data exploration
/|\ e \We might also use URlIs or access curated
</m_exec>va1ue=" /MyData/05-12-sc2 CFH_E NOT FOUND
cpaxan 14713 neneSeryalue: - What happens if offline?
e - Managed store for data associated with

cparem Laenion home="path® computations

value="/home/a/results/23.0ou

/I\ - Improved data identification
FILENOTFOUND | - Aytomatic versioning

[Koop et. al, 2010]
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Provenance from Data

HASH QUERY E

—_— CONTENTS FILE STORE
( newfilename.dat R O0ab678cd... _ E

D OBTAIN

OBTAIN QUERY FILE REFERENCE
INPUT REFS PROVENANCE

12ab3-45ef2... - — < 12ab3-45ef2... >

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

S———
QUERY OBTAIN

FILE STORE E INPUT FILES ( Input files .>

[Koop et. al, 2010]
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Bullding Visualization Pipelines

eSO 2] VisTrails - Spreadsheet - Untitled
0 > |
HTTPFil — — : - S
ile ol 2 ’L‘ 2 ’.L] Export x . I Ld D g Save Camera
Ooooon0 > A B

vtkStructuredPointsReader

omoo >
vtkScaledTransferFunction
[ ]

0oooooofog » oooooghogdadog | » r'/
vtkContourFilter vtkVolyfneTextureMapper 0oooon >
o

vtkVolumeProperty

o
I
1
O
vtkBtane 0o >
eya

vtkCam ooomm  »

/ n| vtkVolume
Oooooog M »
vtkCligPSlyData 000 >
OO vtkimplicitPlaneWidget u

Oooood moomoo »
tkRenderer
|

0ooDoooothg  » @ .
vtkPolyDataMapper vtkinteractionHapdler
I

O »
> . momoo »
vtkProperty g EEELLUEEET CellLocation n VTReal
m\/ vtkActor O 2

v

1=

ooao > \
vtkTransform
/\ il ooao
[ [ [ [ JQ\/_PythonSourc vikTransforn
vtkimageReslice |
RO o 5 \f ooao >
vtkTransform

vtkWindowLevelLookupTable ooooooo IIIDDEGDD\\ [}
1 vtklmageReslice — oooc
Oooooooo » [0 0 > )

vtkPIaneSourcL%| O vtkWindowLevelLookupTable
Oo00oooomma »

n]
l Sheet 1 ! Q
vtkTexture - oooooood . » =T
vtkPlaneSource a
0oooooooma  »

vtkPlaneSourci
oo0 > Ooooooondo v nja] N
vtkPolyDataMapper vtkinteractorStylelmage vtkTexture 00000oo0mMma »

Ol i vtkTexture
N\ Oooooooomo  »

00O »
ooomoot » vtkPolyDataMapper vtkinteractorStylelmage 00oooooooho  » ooo >
vtkActor o )

vtkPolyDataMapper vtkinteractorStylelmage
o % o I
/ ooomoom » N
O > 0000000mooooa »

vtkActor ooomood »
CellLocation vtkRenderer | vtkActor
T n| /
O » 0000000MOooOooa »
CellLocation vtkRenderer O ) 4 0000000000000 »
NhOomo > O] nlj CeIILocatlonm vtkRenderer
VTKCell
i — 7 —
mhoota »
VTKCell nmoofg »
] VTKCell
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Bullding Visualization Pipelines

00000000 EEEEEEEEEE ] 00
OOoOoOooo IateErode3i vtkWarpVector vtkExtractEdgd vtkFieldDat{ vtkimplicitSum
vtkPiecewiseFunction 107 []
O W%'DJ oo T — R P EHOOO0O000oooo jggl0ooooooo
vikRungeKutta2 anay O0Obone vtkLODActor vtkAxes vtkTransformFiIte|£I - "‘e"1 vtkSphereSourcE -
[] [] . _
- - - — L0 OOO0O0O00O0OO00oOod
OO0 tkimageActor _ (|U Gl P 2D DataSetReader DT vikopenGLVolumeTextureMapper3D
vtkTransformD]DDDDDD Sl vikCyling - vikProperty (] - Ooodoooodd _“_“_“_“_”_“_“_“_“_“_,Ej
VIKCastToConcrete [F10] e TOW ourclg“_ vtkPolyDataMapper - vtkimageReslice
ooooooo|- ctorStyle _ mOOo0000  [He— i Bis
vitkElevationl VtkCylindricalTransform N o L] vtkDICOMImageRe| vtkLlneSourclgI lIDataToPointData
et S N vikActor =10 1]
vtkBYUReader F_lJ OO00000a0oad vtkActor2D DDE",E(SDE:B%D%DD
vikimageFFT O] yP
vtkProperty 00 . vtkTextActor
O000000000000 []

D005 e MO0000000 %——“==“““““ -
S M OleAxesActorep | VikHyperOctree q VvtkWarpScalar vtkParametricSuperEllipsoid
00000000 LIL] =
| ] | T——— vikconnectl
vtkCamer

erOctrd  VtkLoopSubdivisionFilter I
e S O 00 vtkimageDataGeometryFilter
vitkStructuredGridReader OO000000 00
OopOooOoOoOoodd — odGra L]
OO vtkDelaunay2D vtkMdO O OOOOOO0O0O [DDDDDDDDD
vtkimageClip ‘ | — vtkWeightedTransformFilter vtkXYZMolReader
= OolE2000000 107
DD?DDDDDDDD tkFrustumCove OOOoOoOoOOoOooooU 000000000000
S000 I:l 000 aderD - vtkMergeFilter vtkRungeKutta4 -
- OO OO OO0
D00 00000 Emmab'e OOOo0oOoO Ooooood
boobg vtkButterflySubdivisionFilter L vtkRenderer
vtkScalarH OolCO000d vtkSurfaceReconstructionFilter -
O amTracer 00
00
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Completions

€9 en.wikipedia.org/
http://en.wikipedia.org/ I '

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

[URL Completion, Safari

PowerPoint.Shape pic = sld.Shapes. - T
visualization

, hu

r - ) .
e ZD,qu,tlgi, 128,. muéi l}ili v AddDiagram | - visualizations for windows media player 1,670,000 results
owerrolnc. ape 1C = o0na ' 1Cca . . . ,
y SN pf P PR P Add'-jabe' P visualization techniques 954,000 results
1y, i vof:ng?c Vés ra; S[F9 Addliee [}’ IH visualization tools 2,090,000 results
1CYrosSo . lce.Lore.liso AV AddMedmgb]ect y e, Visualization boal'd 3 380,000 results
tidth, Floaﬁ Height, string CIassName,. skring EiIeName, .V AddOLEObject ; visualization api 2 240,000 results
nLabel, Microsoft,Office.Core.MsaTriState Link) v AddPicture . — .
. . | visualization toolkit 368,000 results
//Systen.Diagnostics.Process. St -V AddPlaceholder /pyt e .
. . | . , visualization technique 756,000 results
Ff "d:/hvo/vge/sre/vistrails ¥ AddPolyline fvis . N
® AddShape visualizations photography 1,830,000 results
& addTable e visualization meditation 190,000 results
visualizations for media player 1,050,000 results
' ' close
[Code Completion, Intellisense] —
[Web Search Completion, Google]
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Visualization Pipeline Completions

I > Onoood [ (I 4
vtkDataSetReader vtkDataSetReader vtkDataSetReader

0 B0 po o

000000000 > 0000000m >

vtkContourFilter vtkMaskPoints
210 210]

AO0000000000a »
vtkStreamTracer

i
i

vtkDataSetMag vtkGlyph3D 4 T e
nim e E e =
‘ 0 p
Dooooooood LTI Oooooooood il : /
vtkPolyDataMag vtkAct vtkPonDataM’e f'. 1
SR )

7
0000000

vtkRender?

AO00000
vtkActor

rn

f L"f!; i'I"!.i- ': -II .:In‘. ty
i i f " L 2,
vtkActor \ ) B G
LR . % :‘ SR :

O000o00omooo » 0oooomooo »

OFEoOo >

vtkRenderer VTKCell vtkRenderer
n 1
O
Omman > Ooman 4
VTKCell VTKCell
ol o)
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VisComplete Overview

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

e Predict sets of likely worktlow additions to a given partial workflow
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Suggestion Interface
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Suggestion Interface

VisTrails Builder - Untitled.xml* =lallx
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VisComplete Results

User-Added
Completed
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VisComplete Results
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Visualization by Analogy
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Visualization by Analogy

D. Koop, CSCI 490/680, Spring 2020 Northern Illinois University 54



Visualization by Analogy

800 E VisTrails - Spreadsheet - Untitled

! 2 5] 2 = Export

' Sheet 1  Sheet 2 . Sheet3 | (X
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Visualization by Analogy
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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

O/ 17t C: 9560
H: 15440

N: 2580

0O: 2680
S:60

PDB Entry
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Generating Visualizations by Analogy

is to

is to D

as
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Generating Visualizations by Ana\ogy

e Compute difference A(A,B) from provenance
- D = A(A,B) o C is often not a valid workflow

.

A = DIFF(A, B) |

lllllllllll
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Generating Visualizations by Analogy

e Compute difference A(A,B) from provenance A - |
- D = A(A,B) o C is often not a valid workflow o | D
e Find map between A & C: map(A,C) o s
A C s, ,,D X C
M = MAP(A, C) R
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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
NAAC(A,B) =map(A,C) A(A,B)

- D=AACA,B) o C

is to

as

is to

PDB Report

M = MAP(A, C)
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VisMashup
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VisTrails for Teaching Scientific Visualization

* "Using Vislralls and Provenance tor leaching . s
Scientific Visualization”
[Silva et al., Eurographics Educator Program,
2010]

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

14900 Activity Histograms by Date
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Provenance Analysis of Projects

Comparing Paths to Solutions for Two Students
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