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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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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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Why Provenance

fEaoe | ¢ | 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 {Agem:les (tl ) p ExternalTours (t5 P to ) }
ts: | BayTours San Francisco | cable car $50 o .
ts: | BayTours | Santa Cruz | bus $100 e [Nhis Is not really precise because we
ts: | BayTours Santa Cruz boat $250 |
te: | BayTours Monterey boat $400 dOﬂ T ﬂeed bOth th5 aﬂd T — Oﬂ‘y
t7: | HarborCruz | Monterey boat $200 .
ts: | HarborCruz | Carmel train $90 one Is Ok

7 -

SELECT a.name, a.phone

FROM Agencilies a, ExternalTours e

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

Result of ()1

name phone

Bay'Tours 415-1200
HarborCruz | 831-3000

[Cheney et al., 2007]

D. Koop, CSCI 680/490, Spring 2021 Northern Illinois University 4



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

et i T witnesses to the result
name destination type price
t3: | BayTours San Francisco | cable car $50 : .
c e | Snmome | oo “100 ® Prov Of (San Francisco, 415-1200):
ts: | 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 ntrl butes tWICe
Q2: .
SELECT e.destination, a.phone Result of Q)2 ® Uses prOveﬂan Ce Sem | rl ngs (the
FROM Agencies a, destination phone . . . -
(SELECT name, San Francisco | 415-1200 | t1 - (t1 + t3) )
- polynomial®™ shown on the right
FROM Agencies a Santa Cruz 415-1200 | t1 - (ta + t5)
UNION Monterey 415-1200 | t1 - 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
- = = 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 .
tr: | HarborCruz | Monterey | boat | $200 e Prov of HarborCruz In second output:
ts: | HarborCruz | Carmel train $90
(tZ2, name)
Q1 Q7 : : :
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 ()1:
name phone

Bay'Tours 415-1200
HarborCruz | 831-3000

[Cheney et al., 2007]
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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

D. Koop, CSCI 680/490, Spring 2021 Northern Illinois University 7



Version Irees for evolution Provenance

e Undo/redo stacks are linear!
¢ \Ve lose history of exploration
* Old Solution: User saves files/state oy
e VisTrails Solution: B (o)
- Automatically & transparently capture
entire history as a tree kD
- Users can tag or annotate each version

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

a
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Capturing Exploration: Version Tree of Workflows
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Capturing Exploration: Version Tree of Workflows

sruoTr sTaTON FE Y| SN T-DATASUN DATASRME L GINTRRTIC  T-DUN 10-04M
1 RO1L A2ND STREET & 8TH AVENLE 00228985 | CO008471  CO00O441 000DL455 0000134 00033341 00071255
: RL7O L4TH STREET-UNICA SOUARE 00224603 | CO011051  CO000E27 00003026 O0J0OCGH0 00085367 00195841
E A2ND STREET & CRAND CENTRAL 00207758 | CO007G08 | CO000323 00001183 00003001 0004L755 00096612
«  ROIZ J4TH STREET & STH AVENLE 00188311 | COUDSASU | COUDOASE 00001278 00003622 00035527 ODOGTCE:
s me293 44TH STREET - PENN STATION UC1GSTES | COUDH1SS |LOUDDSZ3 OUDOLOES OUOOS5031 DUDIUGES OUOS43TE

AZND STREET TIMES SQUARE 59382 | COUDSS4S | LOUD

=

00001205 OUDOLGID DADIHIIL OLOTEEAS

14TH STREFT & BTH AVENLE OC1SRI0R | COUDSZ7H | CONDOAAT ONDATSET  OIDORTIZ  DADIROID ODIINLES

SQTH STREFT/COLUMEIS CIRCLE 00155262 | CONDI4RE | COANASAT  010A2071  0N0ONSEZ  DID3IIA7 ADI1IA66
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B
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Capturing Exploration: Version Tree of Workflows

HTTPFile

sruoTr sTaTON FE Y| SN T-DATASUN DATASRME L GINTRRTIC  T-DUN 10-04M
1 RO1L A2ND STREET & 8TH AVENLE 00228985 | CO008471  CO00O441 000DL455 0000134 00033341 00071255
: RL7O L4TH STREET-UNICA SOUARE 00224603 | CO011051  CO000E27 00003026 O0J0OCGH0 00085367 00195841 -
E A2ND STREET & CRAND CENTRAL 00207758 | CO007G08 | CO000323 00001183 00003001 0004L755 00096612
«  ROIZ J4TH STREET & STH AVENLE 00188311 | COUDSASU | COUDOASE 00001278 00003622 00035527 ODOGTCE:
s me293 44TH STREET - PENN STATION UC1GSTES | COUDH1SS |LOUDDSZ3 OUDOLOES OUOOS5031 DUDIUGES OUOS43TE

AZND STREET TIMES SQUARE 59382 | COUDSS4S | LOUD

=

00001205 OUDOLGID DADIHIIL OLOTEEAS

14TH STREFT & BTH AVENLE OC1SRI0R | COUDSZ7H | CONDOAAT ONDATSET  OIDORTIZ  DADIROID ODIINLES

SQTH STREFT/COLUMEIS CIRCLE 00155262 | CONDI4RE | COANASAT  010A2071  0N0ONSEZ  DID3IIA7 ADI1IA66

3 ROZO 4750 STREETS/ROCKETELLTR 00143500 | CONDS402 | COONAIAE  0OO0ATISS 0I0OC72T DIDIFTO?R ODOANT4S
1 RI79 B6TH STRECT-LEXINGTON AVE 90142169 | 0010367 |CO0DO470 0I0OLE39 0I000271 DI50328 00125250
1 ROZ3 34TH STREET & ETH AVENLE 90134052 | CO00SCOS | 00000348 0000112 0000065 00031531 00075040
u R029 PARK PLACE 0121614 | CO004I1L |CO000237 00COCO31 000OC792 00025404 00065362 Inltlal data
u RM7 A2ND STREET & CRAND CENTRAL 00100742 | 00004273 | CO0DOLIES 0000C704 000012¢1 00022808 00068216
u RO I4TH STREET & TTH AVENLE 90005076 | CODD3ES0 | COODO2IZ 0D0OLTZT 0ICOL4SE 0I02A284 00038671
1 ROI7 LEXINCTON AVENUE 0CO94555 | COUDLESE | COUDOLSU 0D0OC833 0U0OCT7S4 00DZCO18 OUOSS0EE

BTH AVENUE - 14TH STREET UCOU4313 | COUD3GOT | COUDOZEG OUDO11E4  OUDOLZSE OUDIBZTZ ODOTAGE]

RARCLAYS CENTER U3IKOS | COUDLZ0A | LOND ONDOTIRG  0UDOT4AY  DADIGINE ONOEAITS

R WEST 4TH ST-WASHINGTON SO 0OQ35F2 | CONNGE7? |CODOZ31  ONDOKORS  ONOONIZ7  DADITAZR ONO7425% \
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Workflow Upgrades
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Workflow Upgrades
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Workflow Upgrades
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Workflow Upgrades
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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
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‘ X
i
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Assignment 5

® FOouUr parts

- Loading Data

- Spatial Analysis

- Graph Analysis

- Temporal Analysis
e Due at the end of the semester (April 22, 2021)
e Questions?

D. Koop, CSCI 680/490, Spring 2021 Northern Illinois University 12


http://faculty.cs.niu.edu/~dakoop/cs680-2021sp/assignment5.html

Final Exam

e Monday, April 26, 4:00-5:50pm, Online (Blackboard)
e Similar format
e More comprehensive (questions from topics covered in Test 1 & 2)

o \Vill also have questions from temporal data, provenance, reproduciblility,
machine learning

e Page to be posted

D. Koop, CSCI 680/490, Spring 2021 Northern Illinois University 13




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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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 vtkVolyfeTextureMapper 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 EEEL LR 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 Bi8
vitkElevationl VtkCylindricalTransform N o L] vtkDICOMImageRe| vtkLlneSourclgI lIDataToPointData
et S N vikActor =10 1]
vtkBYUReader F_lJ OO00000a0aad 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/
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

e ; 4 . ;
e ZD,qu,tlgi, 128,. muéi l}ili v AddDiagram = n; visualizations for windows media player 1,670,000 results
owerrolntc. 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
1CXoOsS0o . 1ce.Lore. lisSo AV AddMed|aQb]ect y e, visualization board 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
£ "d:/hvo/vge/sre/vistrails VY AddPolyline fwis ; ‘g
® 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
ri[m| 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 n
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

SINA[N]N[N] »

cO00 »
0050000 » vikDataSetReader
vikUnstructuredGridReader 20
{4 VisTrails Builder - Untitled.xml* =anx 5 aa alaalwel: {4 VisTrails Builder - Untitled.xml* -0 X
Fle Edit \View Bun tral Extras Help vtkContourFilter vtkWarpScalar file Edit View Run Visiral Extras Help
LN . - (mam) \ @
= H “ e ' v = i .g —L R O * FEO0000000 = o H £ Ll v . &> '3 &0 [ Y .
New Open Save Execute Undo do Pipeline | History Query Exploration | Select Pan Zoom vikDataSetMapper New Open Save Execute Undo *H Pipeline History Query Exploration | Select Pan Zoom
Modules 'a[x Untitled.xmi® X Modules &) x Untltled.nml" (X
Filter |¥) % Filter | %

VIK [+
vkAppendriter
vkAttributeDataToField...
wkBandedPolyDataCont...
vkButterflySubdmsionFil

wkCompositeDataGeom... a(n/nnnninininn] »

vkCompositeDataProbe... )
P R vtkContourFilter
wvkConnectivityFilter o

| VTK |=]
vtkappendFilter
vikAttributeDataToField...
vtkBandedPolyDataCont..
vtkButterfiySubdivisionFil,..
vtkCompositeDataGeom... MOO0000000
vtkCompositeDataProbe
vtkConnectivityFilter

- vtkContourFiter
vtkDSPRiterDefintion
vtkDSPRiterGroup JUUUUUUUUL
vtkDataObjectToDataSet, .,
vtkDataSetSurfacerilter
vtkDataSetToDataObject...
vtkDataSetTriangleFilter
vtkDecimatePohfineFiter
vtkElevationFilter
vtkFieldDataToAttnbute.,.,
vtkFillHolesFilter
vtkGenencContourfilter
vtkGenericGeometryFilter
vtkGenericGlyph3DFilter
vtkGenericOutlinerilter
vtkGenencProbeFiter
vtkGeometryFilter
vtkGradientFilter
vtkGraphLayoutFilter
vtkHierarchicalDatalevel..,
vtkHierarchicalDataSetG...

vtkContourFilter

v kDSPFRlterDefinition
wkDSPFRlterGroup
wkDataObjectToDatasSet
wkDataSetSurfaceFiiter
vkDataSetToDataObject...
wkDataSetTriangleFliter
vkDecimatePolylineFilter
vtkElevationFilter
vkFieldDataToAttribute...
vkFiliHolesHiter
vkGenericContourFilter
vkGenericGeometryRiter
wkGenericGlyph3DFilter
vkGenericOutlineFiter
vkGenericProbeFilter
vkGeometnFiiter
vkGradientfilter
wkGraphLayoutFilter
vtkHierarchicalDatalevel..,
wvkHierarchicalDataSetG

wkHyperOctreeContouwrf... vtkHyperOctreeContourf. ..
vtkHyperOctreeDualGrid... | vtkHyperOctreeDualGrid...

- ; =
vtkHyperOctreeSurfacer... - vtkHyperOctreeSurfaceF... T:
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Suggestion Interface

VisTrails Builder - Untitled.xml* =lallx
File Edit View Run Vistraill Extras Help

B U H € & [=C|a € = [&

»

- New Open Save - Execute Undo Redo Pipeline | History Query Exploration Select
coossssoss Modules oo [BIX) | yntitled, xmil* l m
W, |dataset v] 38

VTK

- vtkBoxClipDataSet

- vtkClipDataSet
vtkCompositeDataSetAlgorit...
- vtkDataObjectToDataSetFilter
- vtkDataSetAlgorithm

- vtkDataSetAttributes
vtkDataSetCollection

- vtkDataSetEdgeSubdivision... |
vtkDataSetMapper 32
| kDatasetReader
- vtkDataSetSurfaceFilter

- vtkDataSetToDataObjectFilter
vtkDataSetTriangleFilter

- vtkDataSetWriter

- VtkExtractDataSets

- vtkGenericDataSetTessellator
vtkHierarchicalBoxDataSet

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

- vtkinterpolateDataSetAttrib...
- vtkMultiBlockDataSet @J

L vl MUltiRIAAL N ataCat AlAanarithm
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Suggestion Interface

VisTrails Builder - Untitled.xml* =lallx
File Edit View Run Vistraill Extras Help

B U H € & [=C|a € = [&

»

- New Open Save - Execute Undo Redo Pipeline | History Query Exploration Select
coossssoss Modules oo [BIX) | yntitled, xmil* l m
W, |dataset v] 38

VTK

- vtkBoxClipDataSet

- vtkClipDataSet
vtkCompositeDataSetAlgorit...
- vtkDataObjectToDataSetFilter
- vtkDataSetAlgorithm

- vtkDataSetAttributes
vtkDataSetCollection

- vtkDataSetEdgeSubdivision... |
vtkDataSetMapper 32
| kDatasetReader
- vtkDataSetSurfaceFilter

- vtkDataSetToDataObjectFilter
vtkDataSetTriangleFilter

- vtkDataSetWriter

- VtkExtractDataSets

- vtkGenericDataSetTessellator
vtkHierarchicalBoxDataSet

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

- vtkinterpolateDataSetAttrib...
- vtkMultiBlockDataSet @J

L vl MUltiRIAAL N ataCat AlAanarithm
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VisComplete Results

User-Added
Completed
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VisComplete Results

00000 000 00000000
vtkDataSetReader vtkTransform vtkSphereSource
710 ] o
0000000004 O
vtkTransformFilter vtkRungeKutta4
00000000 00000000 00000000 O00MO000000000
vtkOutlineFilter vtkMaskPoints vtkArrowSource vtkStreamTracer
(10 [0 rig aod
00000000000 00000000
vitkGlyph3D vikTubeFilter
[ m[m]
0000000000 0000000000 0000000000
vtkPolyDataMapper vtkPolyDataMapper vtkProperty J vtkPolyDataMapper vtkProperty -
0 n M O
0000oo =
P AR 000000
n o
ooood Dﬁﬁ_}
vtkRenderer
2 User-Added
5o Completed
VTKCell
O
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Visualization by Analogy
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Visualization by Analogy
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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

800 E VisTrails - Spreadsheet - Untitled

2 vl 2 o Export

0 »
HTTPFile
D » n
HTTPFile
n]

m
]
i} »)
PythonSource
fls)
EEEEEEC] »
vtkDataSetReader
[n]m]
EEEEEELEE
. 0O0M000000 »
1 vtiContourFitter | ikDataSetMapper
n]
DO0OM000000 »
vikDataSetMapper _
OO00000 »
vikActor
]
0000000000000 »
vtkRenderer
]!
ELEEEEN
VTKCell
0

ui]
]
ui] >
PythonSource
[rjm]m)
Doooood >
vikDataSetReader
0

Ooooooo »
vtkActor
n]
0000000000000 b
vtkRenderer
n
OO0000d b
VTKCell
[m]

[m] > [m] >
HTTPFile HTTPFile
n] nj

il i
n n
il » il »|
PythonSource PythonSource
e nijmjm] o jrajmj ]
ooooo0o > 0oooooo >
vtkDataSetReader vtkDataSetReader
) ]

EEEEEELEE
vtkContourFilter
rijm]
DO00000m00 » 0000000000 >
vtkSmoothPolyDataFilter vtkSmoothPolyDataFilter
po na]
0000000080 » EEEEEE L
vikDataSetMapper _ vikDataSetMapper _

ooomood b f ooo0ooo »
vtkActor vtkActor
n] nj
0000000000000 b - 0000000000000 »|
vtkRenderer vtkRenderer
n n]
OO0000 b OO0000d by
VTKCell VTKCell
(] [m]

Sheet 1  Sheet 2 . Sheet 3 |

~ >
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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

IS to

as 1S tO
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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

] WS ;.{';::
)

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 g ” ,,D . C
M = MAP(A, C) P
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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) A(A,B)

- D =AACA,B) o C

is to

as

is to

PDB Report

M = MAP(A, C)

D. Koop, CSCI 680/490, Spring 2021

@ Northern Illinois University 25



VisMashup

HTTPFile
)

000000000 >
vtkPLOT3DReader o

HTTPFile

DD00000m >
vtkStructuredGridOutlineFilter
o

0000000000 »

vtkPolyDataMapper

LiuiulufuuulululuuuTuulu i

Draw_Streamlines

(Group)
injninininininininininininio)

vtkCamera

(m[w]m] oooa »
vtkRenderer

000000 »
VTKCell
0

Acquire and
Analyze
Pipelines

00M0oo0 »
vtkActor q
in

4] Stars

-

=Jo/es

omega_frame -0.06 -

rho_min 0.001 v

propagation_time 3.2 ¥

[] Turn on auto-update

v

v

| Update

] l Quit

Create Views
(Simplify
Pipelines)

q

Combine
Views

[r—
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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 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 AN e
- Assessment: see how a solution was .
developed
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Provenance Analysis of Projects

14900 Activity Histograms by Date
9000 — -
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S i
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Provenance Analysis of Projects

Comparing Paths to Solutions for Two Students
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The State of Repeatabillity in
Computer Systems Research

C. Collberg and T. Proelbsting
CACM 2016

D. Koop, CSCI 680/490, Spring 2021 Northern Illinois University


https://dl.acm.org/doi/10.1145/2812803
https://dl.acm.org/doi/10.1145/2812803

State of Repeatability in Computer Systems

e "Cool paper! Can you send me the system?"
e How hard is it to Just re-execute published experiments
e \Most people say they will share their code and data are available...

e \Weak repeatability: Do authors make the source code used to create the
results in their article available, and will it build?

D. Koop, CSCI 680/490, Spring 2021 Northern Illinois University 31



EXperiment

ASPLOS’12, CCS’12, OOPSLA’12, OSDI’12,
PLDI’12, SIGMOD’12, SOSP’11, VLDB’12,
TACO’ 9, TISSEC’15, TOCS’30, TODS’37,
TOPLAS’ 34

Y
‘ Download . .
JPEJUE & Source code

—

. S

Build and
execute

Il
Il

a

Scan
manually

Non-
repeatable
research

Issue survey,
Theoretica/ HW

resolve issues

Practical

Il

—J{Lll,
il

v

Search for
link to code

Search for
other data

Anecdotal
evidence

Issue survey,
resolve issues

no
response

no
response

Non-
repeatable
research

or late
response

Repeatable
research

Record
results

Y 4
Links to code
http://...
http://...

Y

A 4

Download
code
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Non-
repeatable
research

Anecdotal
evidence

[Collberg and Proebsting, 2015]
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http://reproducibility.cs.arizona.edu/v2/RepeatabilityTR.pdf

Repeatabllity Results

OKSBO OK>30 OKAuth
130 64 23

Notation

Number of papers ...

HW

excluded due to replication requiring special hardware

Build NC

excluded due to results not being backed by code

fails EX

excluded due to overlapping author lists

9 BC

where the results are backed by code

Article

where code was found in the paper itself

Web

where code was found through a Web search

EMes

where the author provides code after receiving an email message

EM no

where the author responds to an email message saying code cannot be provided

EM?

where the author does not respond to email requests within two months

OKSBO

where code is available and we succeed in building the system in <30 minutes

OK >30

where code is available and we succeed in building the system in >30 minutes

OK Auth

where code is available and we fail to build, and the author says the code
builds with reasonable effort

EX EM’ EM™ Fails
106 30 146

where code is available and we fail to build, and the author says the code
may have problems building

Figure 11: Study result. Blue numbers represent papers that were excluded from consideration,
green numbers papers that are weakly repeatable, red numbers papers that are non-weakly repeat-
able, and orange numbers represent papers that were excluded (due to our restriction of sending

at most one email to each author).
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EXCUSEeS

e "Unfortunately the current system is not mature”

® "[he code was never intended to be released so It Is not In any shape for
general use’

e "[Our] prototype included many moving pieces that only [student] knew how
to operate... he left’

e " .. the server iIn which my implementation was stored had a disk crash ...
three disks crashed... Sorry for that"

[Collberg and Proebsting, 2015]
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EXCUSEeS

e " ..when we attempted to share it, we [spent] more time getting outsiders up
to speed than on our own research”

e " .. we can't share what [we| did for this paper. ... this is not in the academic
tradition, but this is a hazard in an industrial lab”

e " .. based on earlier (bad) experience, we [want] to make sure that our
implementation is not used In situations that it is not meant for"

[Collberg and Proebsting, 2015]
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Excuse Classification

® \/ersioning

e Available Soon

e No Intention to Share
e Personnel [ssues

e | ost Code

e Academic lradeoffs
e |ndustrial Lab Tradeoffs
e Obsolete HW/SW

e Controlled Usage

e Privacy/Security

e Design Issues

[Collberg and Proebsting, 2015]
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Some of these are (partially) people problems, not
technical problems
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Examining '‘Reproducibility in Computer Science

e Repeat the experiment in reproducibllity!
o Differences from original

: , : Purported Not Building; 6% eeeeee
e Shows issues with trying Disputed: Not Checked
to classify experiments Purported Building; Disputed; - 2% =

Conflicting Checks! 0%
Misclassified 1% e

Purported Not Building But 149% eeeeeesccccces
Found Building

Purported Building But Found 0%
Not Building

Purported Not Building; 0% e
Confirmed

Purported Building; Confirmed 0% e

All Others Purported Not 2790 eeeecceccccccccccccecccccce

D. Koop, CSCI 680/490, Spring 2021 Northern Illinois University 38



Recommenagations

e -und repeatabllity engineering
e Require sharing contracts

Location |+email address and/or web site

code, data, media, documentation
no access, access, NDA access
free, non-free, free for academics
Resource | source, binary, service

resolve installation issues, fix bugs,
upgrade to new language and operating
system versions, port to new environments,
Improve performance, add features
free, non-free, free for academics

[Collberg and Proebsting, 2015]
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http://reproducibility.cs.arizona.edu/v2/RepeatabilityTR.pdf

Reproducible Research

e Science is verified by replicating work independently
¢ Replication Issues:
- Requires many resources to replicate (Sloan Digital Sky Survey)
- Requires significant computing power (Climate Model Simulation)

- Requires too much time or very specific circumstances (Environment
Epidemiology)

e Reproducibllity

- Replication of the analysis based on the collected data (not replicating the
data collection itself)

- Better If we have the actual code or available executables

[R. D. Peng]
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Reproducibility Spectrum

Reproducibility Spectrum

Publication +

Publication . Full
Linked and o
only Code replication
Code executable
and data
code and data

Not reproducible y Gold standard

[R. D. Peng]
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Published Papers

® “[t's Impossible to verify most of the results that computational scientists
oresent at conference and in papers.” [Donoho et al., 2009]

¢ “Scientific and mathematical journals are filled with pretty pictures of
computational experiments that the reader has no hope of repeating.”

LeVeque, 2009}

¢ “Published documents are merely the advertisement of scholarship whereas
the computer programs, input data, parameter values, etc. embody the
scholarship itself.” [Schwab et al., 2007]
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Problem: Incomplete Publications

o A paper cannot include all relevant details of
the science

- Large volumes of data

- Complex processes
DT PIDREES AVA .
- Code dependencies ‘

Vlsuallzatlons Results

A ==
® [his makes publishing complete results .
maore difﬂCUH:! Source Code Workflows Libraries
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Reproducible/Executable Papers
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Figure 2, The VisMashup window that displays when ysers select the “Figure 2
1ab (see www.vistrails. oegindex. php/User ToNine/IWVAL Levels2and3). The window
displays an image generated by a customized VisTrails workllow using the indicated
values of the three variable parameters, Omega_£rane (= Afl), rho_min, and
Propagation_time. The VisMashup App generates a new image in the online
artiche (in accordandce with the warkllow shown in Fiquree 1) if the reacder selects

a dilferent set of parameters and cicks the green “Upcate™ button, Clicking on

the red “Exequte on my desktopg” button downloads the Figure 1 workfiow to the
reacer’s computer system loe local execution

as a VisTrails workflow parameter (see
Figure 1) that we use to examine how
far test particles residing in different
flow Geld regrons will travel in 2 given
amount of time; in general, the collec-
tion of streamlmes will shocten if we
specify a smaller propagation_tine
value. As the articles “SwitchCoord
Python Module” sdebar descrnibes,
rho_min i an additional parameter
that the customized Python module
usess indvidual streamlines are trun-
cated once the test particle traveling
akong that sreamline enters a region
where the gas density 15 less than rho_
min (Densities have been normalized
such that the models maximum den-
sity 18 unity.)

This Level 2 enhancemnent lets us-
ers examine moee thoroughly the
astrophysical modd that we focused
on in the onginal printed article. By
actively adjusting one or moee of the
key model parameter values and es-
ing the embedded VisMashup App to
generate a new fgure based on those
values, wsers likely will gain a better
appeeciation of our onginal article’s
conclusons. Further, uang the Wiki's
standard editing features, users can

comment oa the inughts they've
gpuned from examining a range of
model parameters outside those onigi-
mally discessed.

We invested considerable time in
our ociginal articde, mecing together
a visuahzation workflow that let us
satisfactorily analyze the underlying
properties of the fow that resclted
from our astrophysical Auid simula-
tion. It's not uneseal for computa-
tional saences researchers to invest
such time on postprocessing analysis
(especially on visualization tasks). In
the orignal article, we captured the
scientific fruits of this labor in two
static images (Figures 2 and 3). Our
embedded VisMashup App executes
exactly the same visualization work-
fow as the onginal arucle. Hence,
with the investment of reatively
little additional time, we can being
the onginal Ggures to hife and reap
additzonal benefits from cur onginal
code-development efforts.

It's important to note that each
time 2 user changes 2 parameter valee
andd executes the VisMashep App, it
performs the requested analysis om
the sriginal model dats. That 15, we've

archived the ongmal astrophys-
cal fuid simulation's model data o
support our effort to enhance the
article’s content. This is a step in the
right direction, as efforts to demon-
strate the reproducibality of large-
scale numencal simulations aren't
likely to succeed until the competa-
uonal sciences community makes 2
commitment to archive simulation
results. Our IVAJ-formatted arucle
with Level 2 enhancemnents illustrates
how such archival data can naturally
enrich the content of published jour-
nal articles.

Level 3 Enhancements

As the example a8 wwwyistrails
org/index.php/User:Tohline/TVA]/
Levels2and3 shows, our IVA] artide
offers yet another enhancement level
aver traditional journal articles. By
clicking the red “Execcte on my
desktop” button displayed within the
Figure 2 window of the VisMashup
App, users can execute Figure 1'%
VisTrails workflow on thar own
computers. Of course, they can real-
rze this Level 3 enhancement only if
they've previously installed VisTrals
(version 1.4.2 or later) as 2 function-
ing application on their local system.
(VisTrails 1s an open source applica-
tion designed to run under a wide
range of operating systems, so we
hope this Jocal installation require-
ment won't discourage readers from
exploring and considering the added
value that such applications can bring
to a modern [VA])

Following the local execution
of Figure 1's workflow using the
model parameters imtially displayed
i Figure 2, the App displays the
rendered configuration outside the
browser, in one cell of a VisTrals
spreadsheet. (The inmial download
and execution can take 10 minutes or
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Figure 2, The VisMashup window that displays when ysers select the “Figure 2
1ab (see www.vistrails. oegindex. php/User ToNine/IWVAL Levels2and3). The window
displays an image generated by a customized VisTrails workllow using the indicated
values of the three variable parameters, Omega_£rane (= Afl), rho_min, and
Propagation_time. The VisMashup App generates a new image in the online
artiche (in accordandce with the warkllow shown in Fiquree 1) if the reacder selects

a dilferent set of parameters and cicks the green “Upcate™ button, Clicking on

the red “Exequte on my desktopg” button downloads the Figure 1 workfiow to the
reacer’s computer system loe local execution

as a VisTrails workflow parameter (see
Figure 1) that we use to examine how
far test particles residing in different
flow Geld regrons will travel in 2 given
amount of time; in general, the collec-
tion of streamlmes will shocten if we
specify a smaller propagation_tine
value. As the articles “SwitchCoord
Python Module” sdebar descrnibes,
rho_min i an additional parameter
that the customized Python module
usess indvidual streamlines are trun-
cated once the test particle traveling
akong that sreamline enters a region
where the gas density 15 less than rho_
min (Densities have been normalized
such that the models maximum den-
sity 18 unity.)

This Level 2 enhancemnent lets us-
ers examine moee thoroughly the
astrophysical modd that we focused
on in the onginal printed article. By
actively adjusting one or moee of the
key model parameter values and es-
ing the embedded VisMashup App to
generate a new fgure based on those
values, wsers likely will gain a better
appeeciation of our onginal article’s
conclusons. Further, uang the Wiki's
standard editing features, users can

comment oa the inughts they've
gpuned from examining a range of
model parameters outside those onigi-
mally discessed.

We invested considerable time in
our ociginal articde, mecing together
a visuahzation workflow that let us
satisfactorily analyze the underlying
properties of the fow that resclted
from our astrophysical Auid simula-
tion. It's not uneseal for computa-
tional saences researchers to invest
such time on postprocessing analysis
(especially on visualization tasks). In
the orignal article, we captured the
scientific fruits of this labor in two
static images (Figures 2 and 3). Our
embedded VisMashup App executes
exactly the same visualization work-
fow as the onginal arucle. Hence,
with the investment of reatively
little additional time, we can being
the onginal Ggures to hife and reap
additzonal benefits from cur onginal
code-development efforts.

It's important to note that each
time 2 user changes 2 parameter valee
andd executes the VisMashep App, it
performs the requested analysis om
the sriginal model dats. That 15, we've

archived the ongmal astrophys-
cal fuid simulation's model data o
support our effort to enhance the
article’s content. This is a step in the
right direction, as efforts to demon-
strate the reproducibality of large-
scale numencal simulations aren't
likely to succeed until the competa-
uonal sciences community makes 2
commitment to archive simulation
results. Our IVAJ-formatted arucle
with Level 2 enhancemnents illustrates
how such archival data can naturally
enrich the content of published jour-
nal articles.

Level 3 Enhancements

As the example a8 wwwyistrails
org/index.php/User:Tohline/TVA]/
Levels2and3 shows, our IVA] artide
offers yet another enhancement level
aver traditional journal articles. By
clicking the red “Execcte on my
desktop” button displayed within the
Figure 2 window of the VisMashup
App, users can execute Figure 1'%
VisTrails workflow on thar own
computers. Of course, they can real-
rze this Level 3 enhancement only if
they've previously installed VisTrals
(version 1.4.2 or later) as 2 function-
ing application on their local system.
(VisTrails 1s an open source applica-
tion designed to run under a wide
range of operating systems, so we
hope this Jocal installation require-
ment won't discourage readers from
exploring and considering the added
value that such applications can bring
to a modern [VA])

Following the local execution
of Figure 1's workflow using the
model parameters imtially displayed
i Figure 2, the App displays the
rendered configuration outside the
browser, in one cell of a VisTrals
spreadsheet. (The inmial download
and execution can take 10 minutes or
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Figure 2, The VisMashup window that displays when users select the “Figure 2“
1ab (see wwwvistrails, cegiindex php/UserToNine/IVAL Levelk2and3). The wincaw
displays an image generated by a customized VisTrails workllow using the indicated

values ol the three variable parameters, Onega_frane

(= A, rho_min, and

Fropagation_time. The VisMashup App generates a rew image in the online

artiche (in accordandce with the warkilow shown in Figure

1) il the reacer selects

2 dilterent set of parameters and cicks the green “Upcate™ button, Clicking on
the red “Execute on my deskiop” button downloads the Figure 1 workfiow 1o the
reacer’s computer system loe local exeoution

as a VisTraiks workflow parameter (see
Figure 1) that we use to examine how
far test particles residing in defferent
flow fGeld regnons will travel in 2 given
amount of time; in general, the collec-
tion of streambnes will shocten if we
specify a smaller propagation_tine
value. As the article’s “SwitchCoord
Python Module” sdebar descnbes,
rho_min i an additional parameter

that the customized Python module
usess individual streamlines are trun-
cated oace the test particle traveling
along that sreamline enters a region
where the gas density 15 less than rho
nin (Densities have been normahized
such that the model's maximem den-
Sity 1S unity.)

Thas Level 2 enhancemnent lets ws-
ers examine moee thoroughly the
astrophysical modd that we focused
on in the onginal printed article. By
actively adjusting one or moee of the
key model parameter values and us-
ing the embedded VisMashup App to
generate a new fGgure based on those
values, wsers likely will gain a better
appeecation of our original artacle’s
conclusons. Further, uang the Wikds
features,

standard editing users can

comment on the inuaghts they've
guned from examining a range of
model parameters outside those ongi-
mally discussed.

We invested considerable time in
our ociginal articde, pecing together
a visualhzation workfiow that let us
satisfactorily analyze the underlying
properties of the fow that resclted
from our astrophysical Auid simula-
tion. It's not uneseal for computa-
tional saences researchers to invest
such time on postprocessing analysis
(especially on visualization tasks). In
the original article, we captured the
scientific fruits of this labor in two

static imagres {Figures 2 and 3). Our
embedded VisMashup App executes
exactly the same visualization work-
Bow as the onginal arucle. Hence,
with the investment of rdatively
little additional tme, we can bring
the onginal Ggures to hife and reap
additional benefits from our onginal
code-development efforts.

It's mmportant to note that each
time 2 user changes 2 parameter valuee
arxl executes the VisMashep App, n
performs the requested analysis om
the srigenal model dats. That 15, we've

archived the ongpmal astrophys-
cal fuid simulation's model data two
support our effort to enhance the
article’s content. This 1s a step in the
right direction, as efforts to demon-
strate the reproducibality of large-
scale numencal simulations aren’t
likely to succeed until the competa-
uonal sciences community makes 2
commtment to archive simulation
results. Our IVAJ-formatted arucle
with Level 2 enhancements illustrates
how such archival data can naturally
enrich the content of published jour-
nal articles.

Level 3 Enhancements
As the example at
org/index.php/User-Tohline/TVA]J/
Levels2and3 shows, our IVA] artide
offers yet another enhancement level

wWw u'.\'lS:.’lllS.

over traditional journal articles. By
clicking the red “Execcte on my
desktop” button displayed within the
Figure 2 window of the VisMashup
App, users can execute Figure 1%
VisTrails workflow on thar own
computers. Of course, they can real-
wze this Level 3 enhancement only if
they've previously installed VisTrals
(version 1.4.2 ar later) as 2 function-
ing application an their local system.
(VisTrails is an open source applica-
tion designed to run under a wide
range of operating systems, so we
hope this Jocal installation require-
ment won't discourage readers from
exploring and considering the added
value that such applications can bring
to a mocern [VA])

5 the execution
of Figure 1's workflow using the
model parameters imtially displayed
in Figure 2, the App displays the
rendered configuration outside the

Following local

browser, 1in one cell of a VisTrails
spreadsheet. (The mitial downlead
and execution can take 10 minutes o
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Figure 2, The VisMashup window that displays when users select the

Figure 2

1ab (see www vistrails. orgindex php/UserToNine/IVAL Levelk2and3). The windaow
displays an image generated by a customized VisTrails workllow using the indicated
values of the three variable parameters, Omega_£frane (= Af), rho_min, and
Propagation_time. The VisMashup App generates a new image in the online
artiche (in accordandce with the warkllow shown in Fiquee 1) il the reacder selects

a dilferent set of parameters and cicks the green “Upcate™ button, Clicking on

the red “Execute on my desktop” button downloads the Figure 1 workfiow 1o the
reacer’s computer system loe local exeoution

as a VisTrails workflow parameter (see
Figure 1) that we use to examine how
far test particles residing in defferent
flow Seld regnons will travel in 2 given
amount of time; in general, the collec-
tion of streambnes will shocten if we
specify a smaller propagation_tine
value. As the article’s “SwitchCoord
Python Module” sdebar descnbes,
rho_min i an additional parameter
that the customized Python module
usess indvidual streamlines are trun-
cated cace the test particle travehing
along that sreamline enters a region
where the gas density 15 less than rho_

in. (Densities have been normahized
such that the models maximum den-
Sty 18 unity.)

This Level 2 enhancemnent lets us-
ers examine moce thoroughly the
astrophysical modd that we focused
on in the onginal printed article. By
actively adjusting one or moee of the
key model parameter values and es-
ing the embedded VisMashup App to
generate a new fgure based on those
values, wsers likely will gain a better
appeecation of our original artucde’s
conclusons. Further, uang the Wikds
standard editing features, users can

comment on the inuaghts they've
guned from examining a range of
model parameters outside those ongi-
mally discussed.

We invested considerable time in
our ociginal articde, pecing together
a visualzation workfiow that let us
satisfactorily analyze the underlying
properties of the fow that resclted
from our astrophysical Auid simula-
tion. It's not uneseal for computa-
tional saences researchers to invest
such time on postprocessing analysis
(especially on visualization tasks). In
the original article, we captured the
scientific fruits of this labor in two
static imagres {Figures 2 and 3). Our
embedded VisMashup App executes
exactly the same visualization work-
fow as the onginal arucle. Hence,
with the investment of reatively
little additional time, we can being
the oryginal Ggures to hife and reap
additional benefits from our onginal
code-development efforts.

It's important to note that each
time 2 user changes 2 parameter valee
andd executes the VisMashup App,
performs the requested analysis om
the srigenal model dats. That 15, we've

archived the ongpml astrophya-
cal fuid simulation's model data two
support our effort to enhance the
article’s content. This 1s a step in the
right direction, as efforts to demon-
strate the reproducibality of large-
scale numencal simulations aren’t
likely to succeed until the competa-
uonal sciences community makes 2
commtment to archive simulation
results. Our IVAJ-formatted arucle
with Level 2 enhancements illustrates
how such archival data can naturally
enrich the content of published jour-
nal articles.

Level 3 Enhancements

As the example 2t wwwwistrals
org/index.php/User-Tohline/TVA]J/
Levels2and3 shows, our IVA] artide
offers yet another enhancement level
over traditional journal articles. By
clicking the red “Execute on my
desktop” button displayed within the
Figure 2 window of the VisMashup
App, users can execute Figure 1%
VisTrails workfiow on thar own
computers. Of course, they can real-

wze this Level 3 enhancement only if

they've previously installed VisTrals
(version 1.4.2 or later) as 2 function-
ing application on their local system.
(VisTrails is an open source applica-
tion desygned to run under a wide
range of operating systems, so we
hope this Jocal installation require-
ment won't discourage readers from
exploring and considering the added
value that such applications can bring
to a mocern [VA])

Following the local execution
of Figure 1's workflow using the
model parameters imtially displayed
in Figure 2, the App displays the
rendered configuration outside the
browser, in one cell of a VisTrals
spreadsheet. (The inmtial download
and execution can take 10 minutes oc
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1 navigation

= Main Page
= Downloads
= User's Guide

= Video Tutorial
= Recent changes

search

(ca) ( )
((Go ) ( Search )

toolbox
= What links here
= Related changes
= Special pages
= Printable version
= Permanent link

/
SCIHOME SOFTWARE OVERVIEW DOWNLOAD DOCUMENTATION

page discussion view source history

Visualizing a Binary Star System

VisTrails Wiki is integrated with a VisTrails server instance, so it is easy to embed visualizations in a Wiki page as

you generate them.

This is the first version of the Figure:

Now we will demonstrate that publications can update their Figures when they point to a named version instead
of a specific version. This way when the authors decide that Figure 1 will point to a new workflow, all the

publications that refer Figure 1 will be updated when rebuilt.
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Figure 2, The VisMashup window that displays when users select the “Figure 2“
1ab (see www.istrails. orgiincex php/User ToNine/IWVAL Levelk2and3). The window
displays an image generated by a customized VisTrails workllow using the indicated
values of the three variable parameters, Omega_£frane (= Af), rho_min, and
Propagation_time. The VisMashup App generates a new image in the online
artiche (in accordandce with the warkllow shown in Fiquee 1) il the reacder selects

2 dilterent set of parameters and cicks the green “Upcate™ button, Clicking on

the red “Execute an my desktop” button downlaads the Figure 1 workfow to the
reacer’s computer system loe local execution

as a VisTraiks workflow parameter (see
Figure 1) that we use to examine how
far test particles residing in defferent
flow Seld regnons will travel in 2 given
amount of ime; in general, the callec-
tion of streambnes will shocten if we
specify a smaller propagation_tine
value. As the article’s “SwitchCoord
Python Module” sdebar descnbes,
rho_min i an additional parameter
that the customized Python module
usess individual streamlines are trun-
cated oace the test particle traveling
along that sreamline enters a region
where the gas density 15 less than rho,
nin (Densities have been normahized
such that the models maximum den-
SIty 1s unity.)

This Level 2 enhancemnent lets us-
ers examine moce thoroughly the
astrophysical model that we focused
on in the onginal printed article. By
actively adjusting one or moee of the
key model parameter values and us-
ing the embedded VisMashup App to
generate a new fGgure based on those
values, wsers likely will gain a better
appeecation of our original artacle’s
conclusons. Further, uang the Wik
standard editing features, users can

comment on the inuaghts they've
guned from examining a range of
model parameters outside those ongi-
mally discussed.

We invested consaderable time in
our ociginal articde, pecing together
a visuahzation workfiow that let us
satisfactorily analyze the underlying
properties of the fow that resclted
from our astrophysical Auid simula-
tion. It's not uneseal for computa-
tional saences researchers to invest
such time on postprocessing analysis
(especially on visualization tasks). In
the original article, we captured the
scientific fruits of this labor in two

static imagres {Figures 2 and 3). Our
embedded VisMashup App executes
exactly the same visualization work-
Bow as the onginal arucle. Hence,
with the investment of rdatively
little additional tme, we can bring
the oryginal Ggures to hife and reap
additional benefits from our onginal
code-development efforts.

It's important to note that each
time 2 user changes 2 parameter valee
arxl executes the VisMashep App, n
performs the requested analysis om
the srigenal model dats. That 15, we've

archived the ongpmal astrophys-
cal fuid simulition’s model data to
support our effort to enhance the
article’s content. This 1s a step in the
right direction, as efforts to demon-
strate the reproducibality of large-
scale numencal simulations aren't
likely to succeed until the competa-
uonal sciences community makes 2
commtment to archive simulation
results. Our IVAJ-formatted arucle
with Level 2 enhancemnents illustrates
how such archival data can naturally
enrich the content of published jour-
nal artucles.

Level 3 Enhancements

As the example a8 wwwyvistrals
org/index.php/User-Tohline/TVA]J/
Levels2and3 shows, our IVA] artide
offers yet another enhancement level
over traditional journal articles. By
clicking the red “Execcte on my
desktop” button displayed within the
Figure 2 window of the VisMashup
App, users can execute Figure 1%
VisTrails workflow on thar own
computers. Of course, they can real-
wze this Level 3 enhancement only if
they've previously installed VisTrals
(version 1.4.2 or later) as 2 function-
ing application an their local system.
(VisTrails 15 an open source applica-
tion desygned to run under a wide
range of operating systems, so we
hope this Jocal installation require-
ment won't discourage readers from
exploring and considering the added
value that such applications can bring
to a mocern [VA])

Following the local execution
of Figure 1's workflow using the
model parameters imtially displayed
in Figure 2, the App displays the
rendered configuration outside the
browser, in one cell of a VisTrals
spreacsheet. (The mtal download
and execution can take 10 minutes oc
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page discussion view source history

Visualizing a Binary Star System

VisTrails Wiki is integrated with a VisTrails server instance, so it is easy to embed visualizations in a Wiki page as
you generate them.

This is the first version of the Figure:
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Challenges

® Re-using results
e Adding results to publications
e Obtaining results, computations, and input from publications
e Publishing Interactive experiments
e Searching executable paper collections
® Reviewers: execution environments, checking different parameters
® | ongevity/maintenance
® Resource constraints:
- analyses run on supercomputers
- large datasets
- privacy or Intellectual property concerns
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General Strategies for Reproducibility

® Preserving the Mess:
- Just save a virtual machine
- [race dependencies

e Encouraging Cleanliness:
- Use a system (e.g. Umbrella, VisTralls)
- Use literate programming environments
- Use code and data repositories
- Use packaging system (ReproZip)

[Categories from H. Meng et al., 2016}
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Literate Programming

e Knuth’s WEB system

¢ \athematica

e Code this is well-documented using comments
e Jupyter Notebooks
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Data and Code Availability

e Code Repositories:
- GitHub
- GitLab

e Data Repositories:
- figshare, freebase, dryad, DataONE
- Also many domain-specific repositories
- http://0ad.simmons.edu/oadwiki/Data_repositories
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10 Rules for Reproducible Computational Research

e Rule 1: For Every Result, Keep Track of How It Was Produced

e Rule 2: Avoid Manual Data Manipulation Steps

e Rule 3: Archive the Exact Versions of All External Programs Used
e Rule 4: Version Control All Custom Scripts

e Rule 5: Record All Intermediate Results, When Possible in Standardized
Formats

[Sandve et al., 2013]
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10 Rules for Reproducible Computational Research

e Rule 6: For Analyses That Include Randomness, Note Underlying Random
Seeds

e Rule 7: Always Store Raw Data behind Plots

e Rule 8: Generate Hierarchical Analysis Output, Allowing Layers of Increasing
Detall to Be Inspected

e Rule 9: Connect Textual Statements to Underlying Results
e Rule 10: Provide Public Access to Scripts, Runs, and Results

[Sandve et al., 2013]
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Rules or Benefits?

¢ | aws to make sure people don't cheat or lie or steal
* |s that a good incentive” You won't be mislabeled as a criminal
e Benefits of Reproducibility

- Reproducible programs can be compared

- Reproducible software and results are documented

- Reproducible software Is portable

- Reproducible experiments are cited

[J. Freire et al.]
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Reproducible Experiments Classification

e Depth: how much is available®
- figures
- SCripts
- raw data
- experiments
- software system
e Portablility: what machine specs are necessary”
- same machine
- similar machine
- different OS
e Coverage: how much can be reproduced”?

[J. Freire et al.]
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(Database) Research Topics

e Design and Management of Experiment Repositories
e Querying and Searching Experiments
* Mining Experiments

[J. Freire et al.]
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A Large-scale Study about Quality and
Reproducibllity of Jupyter Notebooks

J. F. Pimentel, L. Murta, V. Braganholo, and J. Freire
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Notebooks and Hidden State

Fibonnaci
ﬂ def fib(x):
1f x <= 1:
Markdown return x
Cells return fib(x-1) + fib(x-2) \
fib(10)

W 55 » Output 1 Code In [1]: co In [1]: co=0 'In [1]: co =0
Let's plot the numbers Cells

[l
©)

In [3]: co += 1 In [2]: co += 2
In [8]: from matplotlib import pyplot
%matplotlib inline
x = range(15) In [4]: co In [3]: co In [3]: co
y = [fib(n) for n in x]
pyplot.plot(x, y); Out[4]: 2 Out[3]: 1 Out[3]: 1
Execution
Counter o

— QOutput 2

150
100
50 -

04

[Pimentel et al., 2019]
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Notebook Composition

B Category
" Construct

86.33%

91.05%

63.30%

58.05%

1,000,000 o451

800,000 -

S300Q9

600,000 -
= 400,000 -
200,000 -

Construct

[Pimentel et al., 2019]
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Notelbook Reproducibility

e Use notebooks from Github (~1 million)
- Unambiguous cell order? 81.99%
e Study notebook dependencies
- Dependencies Available? 13.72%
- Dependencies Install”? 5.03%
e Study notebook executability
- Execute: 24.11% of unambiguous cell order
- Matched results: 4.03%

[Pimentel et al., 2019]
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Best Practices

e Jse short titles with a restrict charset (A-Z a-z 0-9 . -) for notebook files and
Markdown headings for more detailed ones in the body

e Pay attention to the bottom of the notebook. Check whether it can benefit
from descriptive markdown cells or can have code cells executed or removed

e Abstract code into functions, classes, and modules and test them

e Declare the dependencies in requirement files & pin versions of all packages
e Use a clean environment to test If dependencies are properly declaread

e Put Imports at the beginning of notelbooks

e Use relative paths for accessing data in the repository

e Re-run notebooks top to bottom before committing

[Pimentel et al., 2019]
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Problem: What is df at any point in time”/

In [5]: import pandas as pd

df = pd.read csv('guardian-topl00-female-2019.csv')

Oout[5]: Name Rank Position Age on 1 Dec 2019 Nationality

0 Sam Kerr 1 Forward 26 Australia

99 Ludmila 100 Forward 25 Brazil

100 rows x 5 columns
In [6]: df = df.rename(columns={'Age on 1 Dec 2019

out[6]: Name Rank Position Age Nationality

0 Sam Kerr 1 Forward 26 Australia

99 Ludmila 100 Forward 25 Brazil

100 rows x 5 columns

. Koop, CSCI 680/490, Spring 2021

'Age ' })

In [3]: df = df[df.Age >= 31]

Out[3]: Name Rank Position Age Nationality

2 Megan Rapinoe 3 Midfielder 34 USA

96 Claudia Neto 97 Midfielder 31 Portugal
19 rows x 5 columns
In [7]: df = df[df.Age <= 24]

out[7]: Name Rank Position Age Nationality

3 Ada Hegerberg 4 Forward 24 Norway

98 Lena Oberdorf 99 Midfielder 17  Germany

25 rows x 5 columns
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Dataflow Notebooks: Resolve Notelbook Ambiguities

In [d51f8eab]: import pandas as pd

df = pd.read csv('guardian-topl00-female-2019.csv')
df: Name Rank Position Age on 1 Dec 2019 Nationality

0 Sam Kerr 1 Forward 26 Australia

99 Ludmila 100 Forward 25 Brazil

100 rows x 5 columns

In [full]: df

df: Name Rank Position Age Nationality
0 Sam Kerr 1 Forward 26 Australia
99 Ludmila 100 Forward 25 Brazil

100 rows x 5 columns

D. Koop, CSCI 680/490, Spring 2021

df .rename(columns={ 'Age on 1 Dec 2019':

'Age ' })

In [over30]:

In [under25]:

df = dfS$full[df$full.Age >= 31]

Name Rank Position Age Nationality

2 Megan Rapinoe 3 Midfielder 34 USA

96 Claudia Neto 97 Midfielder 31

19 rows x 5 columns

Portugal

df = dfS$full[dfSfull.Age <= 24]

Name Rank Position Age Nationality

3 Ada Hegerberg 4 Forward 24 Norway

98 Lena Oberdorf 99 Midfielder 17

25 rows x 5 columns

Germany
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Dataflow Notebooks: Dependency Graph

—

e Shows connections between cells
e Can see which cells would be affected by a

;;;\\\\\::;\\\\\\\\\ change
e Same colors indicate which parts of the

7 — — graph are stale

/// e Linked to the notebook
\ rest - Hover to show a cell's code
T e \ - Can also execute in the graph

]

/
- _
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