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LATIN

Provenance < om e
provenire provenir
LATIN come or stem
venire L

come

1. The place of origin or earliest known history
of something

The beginning of something’s existence

A record of ownership of a work of art or an
antique, used as a guide to authenticity or
quality

W N

Related terms: lineage, genealogy, pedigree, ...

provenance

late 18th cent




Computational Provenance

* Origin and processing history of an artifact

« usually: data products, figures, ...
« sometimes: workflow & script evolution ...

* Provenance sightings:

Data science, eScience, Cl, Big Data, computational science, 4" paradigm ...
Bio(diversity)informatics, ecoinformatics, geoinformatics, ..

Computer science, library & information science, ...

Scientific workflows & scripts ...

Databases, programming languages, ...

Privacy vs. provenance, ...



Reproducible Science B e
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THE HOCKEY STICK: THE ORIGINAL AND LATER VERSIONS
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Capturing provenance is crucial for
transparency, interpretation, debugging, ...
=> repeatable experiments,

=> reproducible science

Which inputs, parameters
were used for which output?



Scientific Workflows: ASAP!
Automation i[-;?% g!ﬁ

wfs to automate computational aspects of science ese—
Scaling (exploit and optimize machine cycles) . Kepler
wfs should make use of parallel compute resources h
wfs should be able handle large data ; _——
SWITG»
Abstraction, Evolution, R h /
bstraction, Evolution, Reuse (human cycles) OTRIANA

wfs should be easy to (re-)use, evolve, share

el

Provenance VT

wfs should capture processing history, data lineage

=> traceable data- and wf-evolution :
=4 ASKALON m

=> Reproducible Science
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Common Uses of Provenance in Science

« Audit trail: trace data generation and possible errors

 Attribution: determine ownership and responsibility for
data and scientific results

« Data quality: from quality of input data, computations

* Discovery: enable searching of data, methodologies and
experiments

* Replication: facilitate repeatable derivation of data to
maintain currency

= Reproducible Science



Kinds of Provenance

Prospective Provenance
method/workflow description (“workflow-land’)

Covn:dl)-'um MRIDAtaTypes
nReader AlgnWarp Resl a

uuuuuuuuu

Retrospective Provenance
runtime provenance tracking (“frace-land’)

Q: Which one is more important?




Prospective Provenance
(A Data Curation Workflow: FilteredPush)
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SKOPE: Synthesized Knowledge Of Past Environments

Bocinsky, Kohler et al. study rain-fed maize of Anasazi

Four Corners; AD 600-1500. Climate change influenced Mesa Verde Migrations; late 13th century AD. Uses
network of tree-ring chronologies to reconstruct a spatio-temporal climate field at a fairly high resolution
(~800 m) from AD 1-2000. Algorithm estimates joint information in tree-rings and a climate signal to identify
“best” tree-ring chronologies for climate reconstructing.

K. Bocinsky, T. Kohler, A 2000-year reconstruction of the
rain-fed maize agricultural niche in the US Southwest.
Nature Communications. doi:10.1038/ncomms6618
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gostatshigher <- higheridrlinkedtogenes[1]
higherstatsfilename <- paste(outputDirectory, » runName, » conditions[1]," SOStatsHigher smytestcond{1),
write.table(gostatshigher,file=higherstatsfilename, row.names=FALSE, col.names=FALSE, quote=FALSE, sep=" ="
genelistHigherCHR <- gostatshigher$SYMBOL
genelistHigherLinkedtoEntrezIds <- select(hguil33plus2.db, keys= genelistHigherCHR, "ENTREZID", " SYMBOL >

GOstatsGenesH <- genelistHigherLinkedtoEntrezIds[,2)

x <- org.Hs.egACCNUM
mapped__genes <- mappedkeys(x)

= ... implemented as an R Script ...
- - v}

geneUniverse <- (unique(names(xx)))




master data dlrectory) (prlsm dlrectory)

Paleoclimate Reconstruction ...

. eXpIai ned USi ng Yeswo rkfl OW [calibration,years) (retrodlctlon years) (tree ring data) (PRISM annual_growing_season precnpltatlon
"

SubsetAllData

https://github.com/yesworkflow-org/

(dendro_series_for_calibration)

Kyle B., (computational) archeologist:
\

"It tOOk me abOUt 20 manteS to Comment' LeSS than [dendro_series_for_reconstruction) |CAR Analysis unique”
an hour to learn and YW-annotate,-all-told." A I -

[celIwise,unique,seIected,linear,models)
CAR_Analysis_union

[cellwise_union_selected_linear_models)

[rasterfbrickfspatialfreconstruction) (rasterfbrickﬁspatialfreconstructionferrors)

\ /

|CAR_Reconstruction_union_output”

/ \

(ZuniCiboIa_PRISM_grow_prcp_oIs_Ioocv_union_recons.tif) (ZuniCiboIa_PRISM_grow_prcp_ols_loocv_union_errors.tif)
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User Comments: YW Annotations

## @begin GO Analy51‘*

@in hgCutoff @as GO_stats_p_value_cutoff @begln GO Al’lalysis
@in higheridrlinkedtogenes @as DEG_list_higA!E!?ﬁqf!!!!iendition -

@in loweridrlinkedtogenes @as DEG_list_lower_in_test_condition

@out gostatshigher @as GO_stats_gene_list_higher_in_test_conditi — @ln thutOff

@out BP_SummH_File @as GO_stats_BP_higher_in_test_condition -

@out CC_SummH_File @as GO_stats_CC_higher_in_test_condition @ln
@out MF_SummH_File @as GO_stats_MF_higher_in_test_condition
@out gostatslower @as GO_stats_gene_list_lower_in_test_condition T— ,
@out §P_SummL_File @as GO_stats_BP_lower_in_test_condition @OUt BP_SU.mml_flle
@out CC_SummlL_File @as GO_stats_CC_lower_in_test_condition —1 @out
@out MF_SummlL_File @as GO_stats_MF_lower_in_test_condition

#OR O® H R R R R R

## Begin GOStats Block i # +

## Gene Ontology Statistics are Calculated Here.

# Gene Ontology Categories that were shown to be relatively Higher (more expressed) in the Experimental Condition.

gostatshigher <- higheridrlinkedtogenes[1]

higherstatsfilename <- paste(outputDirectory, "/", runName, "_", conditions[1],"_GOStatsHigher_",mytestcond[1], "“_wvs_",baseline,".
write.table(gostatshigher,file=higherstatsfilename, row.names=FALSE, col.names=FALSE, quote=FALSE, sep="\t")

genelListHigherCHR <- gostatshigher$SYMBOL

genelListHigherLinkedtoEntrezIds <- select(hgul33plus2.db, keys= genelListHigherCHR, "ENTREZID", "SYMBOL")

GOstatsGenesH <- genelListHigherLinkedtoEntrezIds([,2]

X <- org.Hs.egACCNUM

mapped_genes <- mappedkeys(x)

215 xX <- as.list(x[mapped_genes])

216 geneUniverse <- (unique(names(xx))) I

@end GO Analysis

«—



Multi-Scale Synthesis and Terrestrial Model Intercomparison
Project (MsTMIP)

Norcth Amerscan Carbon Program

MsTMIP = lmi #:

MULTI.SCALE SYNTHESIS AND TERRESTRIAL MODEL INTERCOMPARISON PROJECT
Y-
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Fig. 1. Schematic of the Multi-Scale Systhesis sd Tesrestrial Model lntm:mpnxm Project (MsSTMIP) i k. Global si
(SG1.5G2, SG3BG) are run at 0.5° by 05° lutice; Narth A dations (SR1, SR2, SR3, BR1) are rum at 0.25° by 0.25°
resolution).

The North American Carbon Program Multi-Scale Synthesis and Terrestrial Model
Intercomparison Project

D. N. Huntzinger1, C. Schwalm2, A. M. Michalak3, K. Schaefer4,5, A. W. King6, Y. Wei6, A.
Jacobson4,7, S. Liu6, R. B. Cook6, W. M. Post6, G. Berthier8, D. Hayes6, M. Huang9, A. Ito10,

H. Lei11,12, C. Lu13, J. Mao6, C. H. Peng14,15, S. Peng8, B. Poulter8, D. Riccuito6, X. Shi6,

H. Tian13, W. Wang16, N. Zeng17, F. Zhao17, and Q. Zhu15

(st SR s o s soe QR e s e v ) [z
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Scientific Workflow Research
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Wait, there is more ... | nttps:igoo.gli530cdw

* Fine-grained vs coarse-grained provenance
 Black-box vs white-box provenance

« Standards:
« OPM = PROV
« D-OPM = ProvONE

 Database Community:
 why-, where-, how-, why-not provenance
* links to causality

... logical derivations, proofs, ...

15



Live Demonstration

16



Facilitate reproducible science

e Creating and managing provenance information
e Communicating script and model workflows
e Storing and sharing

e Using provenance information for search

17



Creating and managing
provenance information

18



Investigator tools (ITK)

“ Matlab DataONE Toolbox

@ Recordr R Library

= Java YesWorkflow Tool

19



Functions being added ‘ @

record () set ()

startRecord () get ()

endRecord () saveConfig()

listRuns () loadConfig ()

deleteRuns () listConfig()

viewRun ()

See: Run Manager API document

publish ()




Example: R programming ®
1 # Generate map of locations by type
2 library (recordr)

3 recordr <- new(“Recordr”)

4 pkg <- record(recordr, “./hcdbSites.R”, “locations-by-type-png”)

sawom 2 dorvations
'/'-—-"\. —
\ B , » Entity Name  Locations map R script 'F:
Qe A
,’r‘ '
Description R script used to piot sample locations in the Guit of Alaska and Northem
Gulf of Alaska with sample type represented in colors

21



R: managing script runs

> listRuns (recordr)
Script StartTime EndTime PublishedTime

hcdbSites.R 2015-05-07T18:53:09Z 2015-05-07T18:53:09Z unpublished
C85A ...

> deleteRuns (recordr, “locations-by-type-png”)

C85A188-B72E-49F1-AEF4-7BFC24DA186B

> viewRun (recordr, “locations-by-type-png”)
. details about the run listed here

>  publishRun (recordr, “locations-by-type-png”)

C85A188-B72E-49F1-AEF4-7BFC24DA186B

Tag

locations-by-type-png

RunID

22



Communicating
workflow provenance

23



YesWorkflow tool <>

1 # Qbegin CreateGulfOfAlaskaMaps

2 # Qin hcdb QRas Total Aromatic Alkanes_ PWS.csv

3 # Qin world @as RWorldMap

4 # Qout map Qas Map Of Sampling Locations.png

5 # Qout detailMap @as Detailed Map Of SamplingLocations.png
mapping code is here

25 # @end CreateGulfOfAlaskaMaps

hcdbSites.R
e, Total_Aromatic_Alkanes_PWS.csv Map_Of_Sampling_Locations.png »O)

O—

RWaorldMap o CreateGulfOfAlaskaMaps|| | peailed Map_Of SamplingLocations.png o)

24



Storing and sharing
provenance information

25



Using a common model

W3C has published the ‘PROV’ family of
recommendations

wasAttributedTo ( =rifi ]

v L

[ Agent J used T l wasGeneratedBy

1 (

wasAssociatedWith L

Activit
y ] See w3.o0rgq/TR/prov-o/

26



Using a common model

Example: Book writing activity

Attributed T
wasAttributedTo { Book ]

v

Author J l wasGeneratedBy

)

T ) ) ( Book Writing
wasAssociatedWith L

27



Using a common model

Example: Scientific workflow

wasAttributedTo ( . ]
L map image

v

[ Scientist J lwasGeneratedBy

1 (

wasAssociatedWith

R script ]

28



Using a common model

Example: Scientific workflow

wasAttributedTo ( ] wasDerivedFrom

v

map image J
[ Scientist J lwasGeneratedBy l

T : : ( R script ] >[ CSV data ]
wasAssociatedWith L J used

2



Using a common model

Example: Scientific workflow

< “map image” wasDerivedFrom “CSV data” >

wasAttributedTo ( ] wasDerivedFrom

¢ L map image J l

[ Scientist J lwasGeneratedBy

T : : R script CSV data
wasAssociatedWith L J used

30



Using a common model

e \W3C PROV model : very generic, universal

e Tracking provenance in scientific workflows
requires specialization of PROV

e The ProvONE model extends PROV to

provide this

31



ProvONE builds on W3C PROV

| e




Using provenance information
for search

33



"’2«
Facilitating search Solr-

DataONE harvests provenance information and
iIndexes it

®R 4

o o
o —
| Pycroceton | Mo Cam 3915 ydocwrton amstaes. Gut of Asses N .
. rr — :
ITK Client e .
a O ¢ e
T |

l publish P e = _» 2

Member harvest ( Coordinating
Node L Node

. . L oa L J
Dataloi\E VIET-TY (BN
pete - EOwostor >
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