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Reproducible Science with Python

Andreas Schreiber

Department for Intelligent and Distributed Systems
German Aerospace Center (DLR), Cologne/Berlin
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Science

Simulations, experiments, data analytics, ...
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Reproducible Science

Reproducing results relies on
* Open Source codes
e Code reviews
e Code repositories

* Publications with code - __ .

« Computational environment ; : r,; s
captured (Docker etc.) =5 =l

* Workflows -

» Open Data formats | ﬁ :

 Data management L 05 T

* (Electronics) laboratory notebooks 'T think you should be more

* Provenance explicit here in step two."

[

i DLR
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Provenance

Provenance is information about entities, activities, and
people involved in producing a piece of data or thing,
which can be used to form assessments about its
guality, reliability or trustworthiness.

PROV W3C Working Group
https://www.w3.0rg/TR/prov-overview



https://www.w3.org/TR/prov-overview
https://www.w3.org/TR/prov-overview
https://www.w3.org/TR/prov-overview
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" <. Semantic
PROV WiC Nswes

W3C Provenance Working Group:
https://www.w3.0rg/2011/prov

PROV

* The goal of PROV is to enable the wide publication and

iInterchange of provenance on the Web and other information
systems

« PROV enables one to represent and interchange provenance
iInformation using widely available formats such as RDF and XML

i DLR
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Overview of PROV
Key Concepts

Entities
» Physical, digital, conceptual, or other kinds of things
» For example, documents, web sites, graphics, or data sets
Activities
» Activities generate new entities or
make use of existing entities

 Activities could be actions or processes
Agents

» Agents takes a role in an activity and
have the responsibility for the activity

* For example, persons, pieces of software, or organizations

i DLR
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PROV Data Model

wasDerivedFrom
wasAttributedTo
wasGeneratedBy
Agent used
wasAssociatedWith
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Example Provenance
W W

0 i " " oo, prov:label Version 3.0.3-prov
userdata:weight_db provitype "Person" %% prov:Person hrovitype "SoftviareAgents %% provSoftwareAgent

wasAssociatedWith

prov:label de.medando.weightcompanion.data.model.Weight wasAttributedTo java_method:createDocument

wasGeneratedBy

library:pandas userdata:WeightReport-3-2-21-31.34.44.csv provitime 2016-03-02T20:31:34.867000+00:00
|

prov:type "export" %% qgs:export

library.url ps://pypi.python.org/pypi/pandas/0.17.1 5
libraryversiofi.17.1 python_method:read_csv
wasGeneratedBy asDerivedFrom
library:matplotlib provitime 2016-03-02T19:40:21+00:00 userdata:weights prov:itype gs:import
libra
librai

wasAssociatedWith

brov:type gs:visualize

DLR i 24
/ﬁr_,ovenance . ecs. soit
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Storing Provenance

Applications
| Workflow

Data (results)

Provenance recording
during runtime

Provenance

i DLR
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Storing and Retrieving Provenance

Some Storage Technologies

* Relational databases and SQL

o XML and Xpath

 RDF and SPARQL

» Graph databases and Gremlin/Cypher

Services

« REST APIs

* ProvStore (University of Southampton)

i DLR
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ProvStore

£ ProvStore Dashboard New Document Your Documents Public Documents Account -

-

Provenance storage and distribution

ProvStore is a free service for storing, viewing and collaborating on provenance documents.

My Provenance Document Flattened Data -© Process - Responsibility

Created on 14 Aug 2014 at 14:50 by user 667 views -

document
prefix bob <http://example org/bob/>
prefix ex <http://www.example.com/>
prefix alice <http://example . org/alice/>

B Copy to Clipboard

entity(alice:bundle2, [prov:type="prov:Bundle" %X
entity(bob:bundle ="prov:Bundle"” %X
wasGeneratedBy(bob:bundlel, -, 2012-85-24T710:30:00+01

https://provenance.ecs.soton.ac.uk/store/

DLR

Help ~

0
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Graphs

Provenance is a directed acyclic graph (DAG)

provtype “prov:Person" %% xsd_1:#QName
ex:Patients foaf.givenName Alastair Hughes
foaf:mbox <mailto:abc@example.org>

used wasAssociatedWith

dcterms:title 55d1e8f34b2f616fc8018e6b ex:Case_Created

fwasGeneratedBy

ex:Case

wasAssociatedWith

determs:id  5501f97e4b2f616/c8018e87 d .
determstitle case-396 ex:Investigation_Created
asGeneratedBy
provitype “prov:Person” %% xsd_1:#QName T
foaf:givenName jonny morley ex:Investigation
foaf:mbox <mailto:abc@example.org>

wasAssociatedWith

reated_on 2015-09-30T13:13:20.851Z
560bdffde3beadbf624b1031
mim_intersected 0

enotypes parkinson

dcterms:titie demo

ex:Variant_lInvestigated

MasGeneratedBy

dcterms:Exonic_Func exonic

dcterms:Gene EIF4G1
dcterms:MAF 1
dcterms:Start 184037533
’ d 2850591224

DLR
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Graph Databases

Naturally, graph databases are a good technology for storing
(Provenance) graphs

Many graph databases are available

* Neo4J
 Titan
* ArangoDB
Query languages
* Cypher
o Gremlin (TinkerPop)
o GraphQL

i DLR
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Neo4; %’ ﬂeOLd

* Open-Source
* Implemented in Java

« Stores property graphs
(key-value-based, directed)

name = ‘mario’
created —
_._,_,..---""_ /

created
T

created

8
s I S

knows

http://neo4j.com

created

name = "ripple”
lang = "java”
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Gathering Provenance

Depends on your application (tools, languages, etc.)

Libraries for Python
° prov
* provneod;
* NoWorkflow

Tools
» Git2PROV
* Prov-sty for LaTeX

i DLR
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Python Library prov
https://github.com/trungdong/prov

______________________________________________________________________________________________________________________________________

. from prov.model import ProvDocument

. # Create a new provenance document

i dl = ProvDocument()

: # Entity: now:employment-article-vi.html

. el = dl.entity( 'now:employment-article-vi.html"')

; # Agent: nowpeople:Bob

. dl.agent( 'nowpeople:Bob")

. # Attributing the article to the agent

i dl.wasAttributedTo(el, ’'nowpeople:Bob’)

. dl.entity( 'govftp:oesmlilst.zip',

: {'prov:label’': 'employment-stats-2011’',

, 'prov:type’: 'void:Dataset'})

§ dl.wasDerivedFrom( 'now:employment-article-vli.html',
'govftproesmllist.zip')

. # Adding an activity

. dl.activity('7s:writeArticle’)

 dl.used( '7s:writeArticle’, 'govftp:oesmllst.zip')

i dl.wasGeneratedBy( 'now:employment-article-vi.html', 'is:writeArticle’)
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Python Library prov
https://github.com/trungdong/prov

govitp:oesml lst.zip

prov:type void: Dataset
prov:label employment-stats-2011

nowpeople:Bob

wasAttributedTo fwasGeneratedBy /wasDerivedFrom

@emplnyment-micle-ﬂ@

i DLR
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Example

http://localhost:8888/notebooks/WeightCompanion PROV.ipynb



http://localhost:8888/notebooks/WeightCompanion%20PROV.ipynb
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provneo4j — Storing PROV Documents in Neo4;
https://github.com/DLR-SC/provneo4j

. import provneo4j.api

Eprovneo4j_apﬁ = provneo4j.api.Api(
' base_url="http://localhost:7474/db/data",
username="neo4j", password="python")

. provneo4j_api.document.create(prov_doc, name=”MyProv”)
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provneo4j — Storing PROV Documents in Neo4;
https://github.com/DLR-SC/provneo4j

gs:user/onyame@googlemail.com

gs:app/WeightCompanion

wasAttributedTo

provitype "Person” %% prov:Person userdata:weight_db

proviabel Version 3.0.3-prov
provitype “SoftwareAgent” %% provSoftwareAgent

wasAssociatedWith

washttributedTo  provlabel de.medando.

o data.mod .m.\.j

WasGeneratedBy

prov:type "export" %% qs:export

|
Toed I
I
.

library:url  https://pypi.p
library:version 0.17.1

pandas/0.17.1

wasGeneratedBy |

provtime 2016-03-02T19:40:21+00:00

userdata:weights

library:matplotlib

https://pypi. python.org/pypi/matplotiib/1.5.1
151

DLR
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Instituto de i1

computacao

NoWorkflow — Provenance of Scripts Envyu

TANDON SCHOOL

https://github.com/gems-uff/noworkflow ™"

$ now run -e Tracker experiment.py

Project

7 read
_i experiment.py
= precipitation.py
—_ pl2.dat
—  pl3.dat N
—  pladat
— | out.png

i DLR
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Git2PROV
http://git2prov.org

X, Enter a Git Repo:

&

https://github.com/DLR-SC/provneo4j.git -

Choose a serialization:

4 PROV-JSON PROV-N PROV-O

O
Q‘&

{
“prefix": {
"result”: "hitp://git2prov.org/git2prov?giturl=https%3A%2F % 2Fgithub.com%2FDLR-
SC%Z2Fprovneodj.git&serialization=PROV-JSON#",
"fullResult": "http://git2prov.org/git2prov?giturl=https%3A%2F % 2Fgithub.com%2FDLR-

Powered by Unm |". IMI“ds L‘L“l-II VU ?umvmsuv

AMSTERDAM

NERATET  CONNECTINNOVATE CREATE -ﬂ A

Source code available on Github

DLR




i result:user-Michael-Meinel

provlabel Michael Meinel

< result:file-README-md_commit-fd02c68c3d2a685744dcla7316b51026a801dc7f_gen = result:file-src-F2x-template-_pinvoke-cs-t_commit-57225209c2a8170ddaeb55¢3a82c99a2904218e6_commit-682813465b1216e4badd8ddae9080cIbacf546f0_L

vasAssociatedWith

Afile-src-F2x-grammar-__init__- result:file-src-F2x-__init__-py provrole author, committer result:file-src-F2x-template-__init__-py

— — - — — ——

result:|

DervedFrom

le-src-F2x-template-__init__-|

proviabel srcF2xigrammar_int_py proviabel SrcF2x_init_py proviabel srcfF2xftemplatel_int_py | proviype authorship | <

provtype authorship

 resultfile-src-F2x-grammar-_init_-py_commit-ebf20319d30acaaB47a6745b0d5b3cadec2d73

wasAttributedTo

result:file-src-F2x-grammar-fortran-g_commit-e7e122a25ab398dc4fa3dc64bb67b1db51f644e8 = provtype authorship

specializationOf provtime 2016-07-18T13:43:07400:00 provtime 2016-07-18T13:43:07+00:00

edWith \

> provtime 2015-12-31T10:17:07+00:00 « result:file-README-md_commit-0777b106655bc7d6ff4213e339dc48e718a8eff9_gen = result:file-README-md_commit-e7e122a25ab398dc4fa3dc64bb67b1db51f644e8_commit-0777b106655bc7d6ff4213e339dc48e718a8eff9_use
e e oy I ——
\ S result:file-src-F2x-main-py_commit-7055d5f34.
T resuitfile srehax-maln:py_commit 705545134
/ =
wasGeneratedBy [wasDerivedFrom wasAttributedTo wasAttributedTo wasAttributedTo! wasAttributedTo wasDerivedFrom
17
- — — = - —_—
DME-md_commit-0777b106655bc7d6ff4213e339dc48e718a8eff9 < result:file-src-F2x-main-py_commit-ebf20319d30acaa847a6745b9d5b3caedf42d73 provtype authorship provtype authorship provtype authorship provitype authorship provtype authorship provtime 2016-04-21T09:19:55+00:00 provtime 2016-04-21709:19:55-+00:00
vasEndedsy
t:commit-BdEZchOﬂbS74ae6d1de075e9e6e5ccd043c3j provtime 2016-07-20T13:41:26+00:00 —
—— -
result:file-src-F2x-template-_bindc-f90-t_commit-0777b106655bc7d6ff4213e339dc48e718a8effd_commit-7b8cfbb73066370feefd1d40bfa397fbd6f745f4_use result:file-src-F2x-template-_bindc-f90-t_commit-7b8cfbb73066370feefd1d40bfa397fbd6f745f4_gen "> | provlabel Finished first version of C#-Template
——

T ————{  provtime 2016-07-20T13:41:26+00:00

N

- result:file-src-F2x-main-py_commit-baa85471e0ab8b5ch42461f28463c3b7dd8c4901 =

AN

result:fle-src-F2x-template-_bindc-190-t_commit-7bBcfbb73066370feef01d400a397bd6 7450

T

259276d1810429e5: result:file-src-F2x-main-py_commit-e993670727f3d3a3739e08259276d1810429e5ef_gen _J provtime 2016-05-03712:39:22+00:00 result:file-src-F2x-grammar-fortran-g_commit-7b8cfbb73066370feef91d40bfa397fbd6f745f4_commit-b0706322ccedf5b3bcl4abaa’’:
e e — I ——
vasAttributedTo TasDerivedrom vasDerivedFrom

= provtype authorship —

- TeJtE&src—FZx-main-py_commit-e993670727f3d333739e08259276d1BIOHQ:SJ T
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prov-sty for LaTeX
https://github.com/prov-suite/prov-sty

LaTeX Annotations

. \begin{document}

. \provAuthor{Andreas Schreiber}{http://orcid.org/0000-0001-5750-5649}
i \provOrganization{German Aerospace Center (DLR)}{http://www.dlr.de}
§ \provTitle{A Provenance Model for Quantified Self Data}

- \provProject

. {PROV-SPEC (FS12016)}

{http://www.dlr.de/sc/desktopdefault.aspx/tabid-8073/}
{http://www.bmwi.de/}

______________________________________________________________________________________________________________________________________

alt del
> 3B3E545C-FA93-4954-8C24-83FS0AATDF46-12 0000-0001-5750-5649 ,/www.m‘ 13831_read-35162/
;s 3 ¢ ~

—— ————

contentLocation: pre_15:fitbit-prov.pdf type: prov:Person type: prov:Organization
md>: b6ec418d71¢74¢819dc73883a19f98¢3 name: Andrcas Schreiber name: German Acrospace Center (DLR)

name: PROV-SPEC (FS12016)

7

)
P ,-
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Electronic Laboratory Notebook

subsequent use,

esearch restits @ Planning, Design: Lite

e nterpretation, Publication

@ valuation: Computer, (self developed) Soft

DLR

@ Execution: Apparatus, Computer

Manuals Standard Experiment
Procedure Plan
— v Environmental
i . Parameters
used used Was derived from ~
sed
coE ! Calibrational
i G ted b
Preparation « Generated by used Generated by pata
Generated by A
Execution f used
Controlled by o | Generated by
Generated by used.,
Experimental
Controlled by DeData
/ﬂ " Controlled by
[ Interpretational t
Instrument ] Controlled by Notes used
\ : Controlled by | ; L
B F
d .
- o Controlled by { Evaluation
User
9 v used
\‘ - S
Controlled b
Ve - S v Generated by
Software Controlled by
N . .
Interpretation used — »  Evaluated Data
Controlled by
. &~
Archive Controlled by Generated by
Generated by Interpretational
Data

Generated by
£

Archiving — used ™ Study Report
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DLR.de < Chart 26

Query ,Who worked on experiment X?*

- identifier (M)
—— - version (M)

- name (M) .
Derived from
faa s N
7 Y - signature (O)
>

\_

| Study Plan

User \ y /,.

- ~ - identifier (M)

\‘_\‘ _,‘T_ Was derlve‘d\from - version (M)

- |dentifier (M) Controlled by / N | - signature (C)

‘ / Experiment \'_

Plan AN
4 |

Controlled by - AN S
. ﬁi\;Der‘wed i’rom
Generated by ‘\\\\
~ - identifier (M)
i version (M)
/ - signature (O)

- identifier (M) - Generate}(\bv\_ N
- version (M) 7 Generated by L
- signature (0)| ~ ~~.\G\g\neratqu,v ,
T T T T T T T T
/,// \ ‘\\ // . — // ] N
" Interpretational | Calibrational /" Experimental i E;:::;:;?;al .
(A Notes /o Data e Data ) \. s
AN A A TN / S~ /
\ ~ N - N \\,_,_7_7_ g Ny Derived l;rom
Derived from /" Derivedfrom ./ | identifier (M) -
— — |- version (M)
- signature (O)

" - identifier (M)
‘- version (M)
- signature (Q)

Derived from .~

$experiment = g.key($_g, 'identifier', X)
Suser = $experiment/inE/inV/outE[@Llabel = controlled_by]

DLR
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Practical Use Case — Archive all Data of a Paper

Shared Data Repository

@Back hd O v l.ﬁ

H____ Collections EE Properties | @ @B

Path: I J5tudy_DLRJE xperiment _Config_1 fReport_First_Config/Proceedings_[EEE_2011

Collections:

X

Mame S I Archive Parts

B3 Study_DLR
"@ Archives
E}E Experiment_Config_1
@9 Preparation
EI F{ Report_First_Con

B 153 Summarizing

15 video_best
Test_02_03_2011

ki Test_14_03_2011
- B Project information

1

-- [C5) Department general information

fig

. IE3) Proceedings_IEEE_.

EI ﬂ' Resulks_March_2011

1) windtunnel_pressun

| O

I Archive Retention E| Archive Root Collec | Archive Sequence F| «

Availability:
Data Formats: PDRTEXT
Data Types: File

Details: Mo details available,

Starts script extension 'Create Archive For Belab Service',

¥ Commit Archive

Properties of final_paper,pdf

Mame S Type

Corkent Creation... : Date Time

Modification Date - Date Time

1
3% Search...
o Cut Chrl+
: _f_‘. Copy Chrl+C
: 1‘_‘, Copy Properties Ckrl4+r
Paste (B
] x Delete Dl
T Rename F2
Select all Chrl4+a

Reverse Selection

-

dly Properties, ..

s’

DLR
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Current Research and Development

New PROV Library for Python in development

* https://github.com/DLR-SC/prov-db-connector
» Connectors for Neo4j implemented, ArangoDB planned
 APIs in REST, ZeroMQ, MQTT

Trusted Provenance
 Storing Provenance in Blockchains

Provenance for people

* New approaches for visualization
e For example, PROV Comics

i DLR



https://github.com/DLR-SC/prov-db-connector



mailto:Andreas.Schreiber@dlr.de

	Reproducible Science with Python
	Science
	Reproducible Science
	Provenance
	PROV
	Overview of PROV�Key Concepts
	PROV Data Model
	Example Provenance
	Storing Provenance
	Storing and Retrieving Provenance
	ProvStore
	Graphs
	Graph Databases
	Neo4j
	Gathering Provenance
	Python Library prov�https://github.com/trungdong/prov�
	Python Library prov�https://github.com/trungdong/prov�
	Example
	provneo4j – Storing PROV Documents in Neo4j�https://github.com/DLR-SC/provneo4j
	provneo4j – Storing PROV Documents in Neo4j�https://github.com/DLR-SC/provneo4j
	NoWorkflow – Provenance of Scripts�https://github.com/gems-uff/noworkflow
	Git2PROV�http://git2prov.org
	Foliennummer 23
	prov-sty for LaTeX�https://github.com/prov-suite/prov-sty
	Electronic Laboratory Notebook
	Query „Who worked on experiment X?“
	Practical Use Case – Archive all Data of a Paper
	Current Research and Development
	Thank You!

