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Sales Data and 180-Day Rolling Window
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Provenance in Science

e Provenance: the lineage of data, a

computation, or a visualization i & e i - e

- Provenance is as (or more) important as W—,;f e “:L;MM =
the result! ==Ems

» Old solution: Ele wae

- Lab notebooks o —

e New problems: = SEaSE

- Large volumes of data ” ”gm

- Complex analyses ;’fri-” Pt

- Writing notes doesn’t scale =38

[DNA Recombination, Lederberg]
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Provenance in Science

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

* Provenance is as (or more) important as
the result!

e Old solution:
- Lalb notebooks
e New problems:
- Large volumes of data
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Annotations

: "o 'Y | Observed Data

- Complex analyses
- Writing notes doesn't scale

[DNA Recombination, Lederberg]
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Provenance in Computational Science

[ Visualization

DATA DATA
\ 1

Data Management ]

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
We sk cresed workfows tht use a ffren model is an image that was generated by embedding a workflow di-
18 ) 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 \What process led to the output image”

OOO0O000an
—> vtkStructuredPointsReader

DATA /m e \\Vhat input datasets contributed to the
SO output image”
/m ] e \What workflows create an isosurface with
SoDooIote iIsovalue 577
/m e \Who create this data product?
e e \When was this data file created?
DDDSM{DD/ 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

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

- OS-based requires minimal user effort once installed and can capture
"hidden dependencies”

D. Koop, CSCI 680/490, Spring 2022 Northern Illinois University 7




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 ()

OO000000
FileName ../head.120.vtk €3 | \ikStructuredPointsReader
N
OO0OoOoOoOoOomod
Value (0,67) C—— vtkContourFilter
[
. OO0OoOo0ooOoomo
ViewUp 0,0-1) vtkDataSetMapper
Position (745,-453,369)
FocalPoint (-135,135,150)

l pDodfiodg

vikActor

vitkCamera

n

OO000MMmOOOoO
vitkRenderer

OmOoOOd

VTKCell
L]
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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 ()

OOdaodd
FileName ../head.120.vtk €3 | \tkStructuredPointsReader
N
Read File
OOOO00oOoomhod
Value (0,67) > vtkContourFilter
[
. OOO0Oo0oOooomd
ViewUp ©.0.-7) vtkDataSetMapper | Extract
Position (745,-453,369)
FocalPoint | (135,135,150) Isosurface
] OO
vitkCamera vtkActor
n
OOoOoOomhoood
vitkRenderer
Render
Visualization
OmOoOogg
VTKCell
]
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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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Assignment 5

e Chicago Bike Sharing Data
- Spatial Analysis
- lemporal Analysis
- Graph Database (neo4))
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http://faculty.cs.niu.edu/~dakoop/cs680-2022sp/assignment5.html

Provenance Storage

o Keeping provenance for each data item means Ilots of repetition

e Nested data storage also induces repetition

e Coarse provenance is naturally more compact, but how to decide what (not)
to store?

e Repeated provenance Is not uncommon:
- Repeating the same computation with a different parameter

- Creating a new computation that has a very similar structure to one that
was run two weeks ago

e Provenance compression/factorization techniques (e.g. [Chapman et al.,
2008], [Anand et al., 2009]) take advantage of that to reduce storage costs

D. Koop, CSCI 680/490, Spring 2022 Northern Illinois University 11




Provenance Storage Formats

¢ [les, relational databases, XML databases, RDF (linked data)
e | 0g files are good for preserving data but can be bad to query or analyze

e Relational datalbases are great for column-specific queries but can be bad for
dependency queries

o XML datalbases are more portable than relational datalbases but are usually
less efficient for queries

o RDF triples are better for dependencies and integrating domain-specific
knowledge but can be slower

D. Koop, CSCI 680/490, Spring 2022 Northern Illinois University 12




| ayered Provenance

o As with relational databases, want to normalize provenance to minimize
redundant information

e Example: Don’t store workflow specification each time that workflow Is
executed—-store it once and reference it

o Also allow different layers for different aspects of provenance

Workflow template Abstract workflow Workflow evolution

Service instantiation
Workflow instance Workflow instance
Data instantiation
v

Executable workflow

v
Execution log Execution log Execution log

Pegasus Redux VisTrails

[Freire et. al, 2008]

D. Koop, CSCI 680/490, Spring 2022 Northern Illinois University 13




Provenance Moagels

e How provenance is represented (more abstract than the details of how it is
actually stored)

e PROV (W3C Standard) has different storage lbbackends for provenance but all
of it conforms to the same model

* Model the objects involved and their relationships (e.g. activities,
dependencies)

® |nteroperabllity is a concern

- Why"? May use multiple tools/techniques to achieve a result, want to analyze
the entire provenance chain

D. Koop, CSCI 680/490, Spring 2022 Northern Illinois University 14




Prospective and Retrospective Provenance

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
iINnformation

* Do not need prospective provenance to have retrospective provenance!

e Retrospective provenance is often the same type of information as
porospective plus more

e Could have multiple retrospective provenance traces for one prospective
provenance listing

D. Koop, CSCI 680/490, Spring 2022 Northern Illinois University 15




Prospective and Retrospective Provenance

e Example: Baking a Cake
e Prospective Provenance (Recipe):

1. Gather ingredients (3/4 cup butter, 3/4 cocoa, 3/4 cup flour, ...)
2. Preheat oven to 350 degrees

3. Grease cake pan

4. Mix wet ingredients in large bowl

5. Mix dry ingredients Iin a separate bowl

6. Add dry mixture to wet mixture

/. Pour batter into cake pan

3. Put pan in the oven and bake for 30 minutes

9. Take cake out of oven and let it cool

D. Koop, CSCI 680/490, Spring 2022 Northern Illinois University 16



Prospective and Retrospective Provenance

e Retrospective Provenance (What actually happened)

1. Went to store to buy butter

¢ 2. Gathered ingredients (3/4 cup butter, 3/4 cocoa, 1 cup flour, ...)
3. Greased cake pan
4. Preheated oven to 350 degrees
5. Mixed wet ingredients in large bowi
0. Mixed dry ingredients in a separate bowl
/. Added wet mixture to dry mixture
3. Poured batter into cake pan AN
9. Put pan in the oven and baked for 35 minutes
10.1ook cake out of oven and let it cool for 10 minutes

D. Koop, CSCI 680/490, Spring 2022 Northern Illinois University 17



Provenance Model History

e Community organized provenance challenges (2006-2009)

e [irst Provenance Challenge assessed capabilities of systems

e Second Provenance Challenge examined interoperabllity

¢ | ed to development of Open Provenance Model (OPM), (2007)
- Sought to establish interchange format for provenance

e Further work led to PROV W3C Recommendations (2013)

- Some confusion from name changes from OPM to PROV even though
concepts are similar

- Focus Is on model not formats

D. Koop, CSCI 680/490, Spring 2022 Northern Illinois University 18




PROV: Three Key Classes

An entity is a physical, digital, conceptual, or other kind

of thing with some fixed aspects; entities may be real or
imaginary.

An activity is something that occurs over a period of

_ time and acts upon or with entities; it may include
consuming, processing, transforming, modifying,

relocating, using, or generating entities.

An agent is something that bears some form of
responsibility. for an activity taking place, for the
existence of an entity, or for another agent’s activity.

[Moreau et al., 2014]
D. Koop, CSCI 680/490, Spring 2022 Northern Illinois University 19




PROV: Three Views of Provenance

wasDerivedFrom

wasAttributedTo

wasInformedBy : actedOnBehalfOf
: [Moreau et al., 2014]

D. Koop, CSCI 680/490, Spring 2022 Northern Illinois University 20



PROV Edges: Derivation

e Derivation Edges:
- wasGeneratedBy: entity — activity

- used: activity — entity

exg:dataSet1

'03&

(74

) wasGeneratedB : wasGeneratedB

exc:composel « y exc:compositiont1 Jused | exc:illustrate1 < L exc:charta

- wasDerivedFrom: entity — entity

exc:regionListy

IS wasDerivedFrom
exg:dataSet1 < e ——— exg:dataSet2 « exc:chart2

[PROV Model Primer, 201 3]

D. Koop, CSCI 680/490, Spring 2022 Northern Illinois University 21



Blogger's provenance data

'c'lctf;rms:.tltle.: i B axnsarticle
Crime rises in cities /' SPeCializay Newspaper's provenance data
TR allo
specializationOf ’N
alternateOf exn:articleV2

exn:articleV1

s

i wasAssociatedWith
exg:edith wasDerivedFrom
nadPet wasRevisionOf
exg:instructions \ S TT—

exg:correct1 ‘gasGeneratedBy ~ exg:dataSet2

prov:startedAtTime=2012-03-31T09:21:
prov:endedAtTime=2012-04-01T15:21:00

prov:generatedAtTime= ’ exc:compilez.
2012-03-02T10:30:00 )
used J—— _ prov:generatedAtTime="] ™\
%se ‘comp WasGeneraledsy 2012-04-01T15:21:00
N . s
JvasGeneratedBy < wasRevisionOf

Government agency's
provenance data

used

exg:dataSet1

rov:hadRole= ’ wasGeneratedB )
E‘(C'data'l'OCOmpose" exc:composel < ; y c=:xc:compositiom-ou"md exc:illustrate1 exc:chart1 exc:chart2
. G prov:hadRole= - ; .
exc:regionList1 %, wasAssociatedWith wasAttributedTo
' exc:composedData
prov:hadRole= wasAssociatedWith ~hadRole= .
exc:regionsToAggregateByY [ ccccoemmmmoan. .. Prov:RadRole= Chart Generators' provenance data
exc:analyst

foaf:givenName=
"Derek" actedOnBehalfOf

foaf:mbox= .. ] foaf:name=
exc:chartgen "Chart Generators Inc” [PROV M Od el Primer 201 3]

"derek@example.org”

D. Koop, CSCI 680/490, Spring 2022 Northern Illinois University ~ 22




Querying Provenance

e Query methods are often tied to storage backend
e SQL, XQuery, Proloag, SPARQL, ...

/ REDUX

SELECT Execution.ExecutableWorkflowld, Execution.Executionld, Event.Eventld, ExecutableActivity.ExecutableActivityld

from Execution, Execution_Event, Event, ExecutableWorkflow_ExecutableActivity, ExecutableActivity,
ExecutableActivity_Property_Value, Value, EventType as ET

where Execution.Executionld=Execution_Event.Executionid

and Execution_Event.Eventld=Event.Eventld

and ExecutableActivity.ExecutableActivityld=ExecutableActivity_Property_Value.ExecutableActivityld

and ExecutableActivity_Property_Value.Valueld=Value.Valueld and Value.Value=Cast('-m 12" as binary)

and ((CONVERT(DECIMAL, Event.Timestamp)+0)%7)=0 and Execution_Event.ExecutableWorkflow_ExecutableActivityld=
ExecutableWorkflow_ExecutableActivity.ExecutableWorkflow_ExecutableActivityld

and ExecutableWorkflow_ExecutableActivity.ExecutableWorkflowld=Execution.ExecutableWorkflowld

and ExecutableWorkflow_ExecutableActivity.ExecutableActivityld=ExecutableActivity.ExecutableActivityld

and Event.EventTypeld=ET.EventTypeld and ET.EventTypeName='Activity Start’;

/VisTraiIs \

wi{*}: x where x.module='AlignWarp' and x.parameter('model")="12'
and (log{x}: y where y.dayOfWeek='Monday")

/MyGrid \

SELECT ?p
where (?p <http://www.mygrid.org.uk/provenance#startTime> ?time) and (?time > date)
using ns for <http://www.mygrid.org.uk/provenance#> xsd for <http://www.w3.0rg/2001/XMLSchema#>

SELECT 7p

where <urn:Isid:www.mygrid.org.uk:experimentinstance:HXQOVQA2ZI0>

(?p <http://www.mygrid.org.uk/provenance#runsProcess> ?processname .

?p <http://www.mygrid.org.uk/provenance#processinput> ?inputParameter .

?inputParameter <ont:model> <ontology:twelfthOrder>)

using ns for <http://www.mygrid.org.uk/provenance#> ont for <http://www.mygrid.org.uk/ontology#>

D. Koop, CSCI 680/490, Spring 2022 @ Northern Illinois University 23




Querying Provenance

- o |Vhat process led to the output image?

OOO0O000an
—> vtkStructuredPointsReader

DATA /m o |/Vhat input datasets contributed to the
Soooooaton output image?
/m - e What workflows include resampling and
S aLs Isosurfacing with isovalue 577
vtkDataSetMapper o
“vicamers | | wiactor e Graph traversal or graph patterns
\ / - How do we write such queries?
OO000OmmoOooo
- IMAGE
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Querying Provenance by Example

® 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

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="6o"
<param 1d="4" name="ComputeScalarsOn"

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

identification In data exploration
/|\ * \We might also use URIs or access curated
</m_exec>value=" /MyData/05-12-sc2.@{'"E NOT FOUND
cpaxam 14703" nane-rservalue - What happens if offline?
R T - Managed store tor data associated with

coaran L 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 - 0ab678cd... _ E

P OBTAIN

OBTAIN QUERY FILE REFERENCE
INPUT REFS PROVENANCE

12ab3-45ef2... D — — < 12ab3-45ef2... >

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

S———
QUERY OBTAIN

FILE STORE E INPUT FILES ( Input files .>

[Koop et. al, 2010]
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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 SwittScript 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]
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Provenance-Enabled Systems

Available as open

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

Swift RDBMS SQL Yes

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

Karma RDBMS Proprietary API Yes

Kepler Files; 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]

D. Koop, CSCI 680/490, Spring 2022 Northern Illinois University 29



Provenance-Enabled Systems

Available as open
System Storage Query support source?

REDUX Relational database management SQL No

system (RDBI

VisTrails RDBMS and { A

Karma RDBMS J u pyte r - Yes

Kepler Files; RDBMS v | Yes

Taverna RDBMS Ga Iaxy Yes

Pegasus RDBMS irkflow;  Yes
SQL for execution log

Yes

cialized 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

* [Nhree 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]
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Provenance In Databases

A. Amarill

D. Koop, CSCI 680/490, Spring 2022 Northern Illinois University


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

Why Provenance

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

¢ Lineage Of (BayTours, 415-1200):

ExternalTours . —

name destination type price {Agenc1es (tl) p FxternalTours (t5, t6) }
ts: | BayTours San Francisco | cable car $50 - .
ts: | BayTours | Santa Cruz | bus $100 e [Nhis Is not really precise because we
t5: | BayTours Santa Cruz boat $250 |
te: | BayTours Monterey boat $400 dOn 't need bOth th5 and t 6 —On‘y
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

Agencies * How provenance gives more detall

name based_in phone
t1: | BayTours San Francisco | 415-1200

to: | HarborCruz | Santa Cruz 831-3000 abOUt hOW the tup‘es prOVide

ExternalTours 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):
ts: | BayTours Santa Cruz boat $250
te: | BayTours Monterey boat $400 { { t 1 } 4 { t 1 / t 3 } }
t7: | HarborCruz | Monterey boat $200 . _
ts: | HarborCruz | Carmel train $90 ® t 1 CO n'trl butes tWICe
Q2: C
SELECT  e.destination, a.phone Result of Q)2 ® Uses prOveﬂan Ce Sem I rl ngs (the
FROM Agencies a, destination phone I . . -
(SELECT name, San Francisco | 415-1200 | t1 - (t1 + t3) )
LECT name, | Sn Franico THETR0) 4 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

* \\Vhere provenance traces to specific

Agencies
name based_in phone :
t1: | BayTours San Francisco | 415-1200 ‘Ocatlonsy nOt the tuple Va‘ues
to: | HarborCruz | Santa Cruz 831-3000 .
e Q and Q' give the same result but
ExternalTours
name destination | fype __| price the name comes from different
ts: | BayTours San Francisco | cable car $50
t4: | BayTours Santa Cruz bus $100
ts: | BayTours Santa Cruz boat $250 places
te: | BayTours Monterey boat $400 .
t: | 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 nOtaUOn'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 L Cognition

Specification |€=———————————ee| Fxploration

[Modified from Van Wijk, Vis 2005]

—>| Knowledge

e Data analysis and visualization are Iiterative processes
® |n exploratory tasks, change is the norm!
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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 ot 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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Change-based Provenance: Photo Editing

e User Actions
original )—}

7 [\

El Brightness/Contrast
El Unsharp Mask

© @ Grayscale
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Change-based Provenance: Photo Editing

e User Actions

original ) =l
~a(lll

| sUNP
1904 | K
.
‘ill“ ¥
BT —. .
{ i o At *qoy
. 3

darkened )
e L
Y

E-l Brightness/Contrast

_;? El Watercolor
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Version Irees

e Undo/redo stacks are linear!

¢ \Ve lose history of exploration

e Old Solution: User saves files/state
¢ \/isTrails Solution:

- Automatically & transparently capture
entire history as a tree

- Users can tag or annotate each version

- Users can go back to any version by
selecting It In the tree
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Vislralls

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

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

VACE!
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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 trail 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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DISCUSSION

e Reproducibllity in VisTralls
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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 csvere || sonrie
of [ 7 L E’ﬂmunum
csvene || sonrie delete module “SelectFromTable JoinTables
\ / W[LEE
DIIII'!IIDDDD " SelectFromTable
JoinTables B
P add module “SelectFromTable” T netFromTabl
SheetReference - I2(5|e|f;|tFromTab|e /\/
/m /m add parameter “float_expr” to “SelectFromTable” S
. 11 . bb | F
& ] P with value “latitutde > 40.6 —
| ] SelectFromTable .
N\ / delete parameter “float_expr” from “SelectFromTable” N
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 (x¥5) 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="c54bea63cb7d912a43ce" />
</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 Doofoon
<module id="17" name="vtkCamera" ‘m«hmmam LGB
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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