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Digitization and Big Data Promises



Digitization and Big Data Failures



Motivation

▪ Digitization promises huge benefits…

▪ … but also raises new challenges

▪ Need to avoid pitfalls

▪ Need to understand what is happening and why:

- Reproducibility

- Explainability



Reproducibility

▪ Reproducibility is core to the 

scientific method

▪ (and not just for science!)

▪ In computing should be easy

(and thus also in digitization in 

agriculture):

- Get the code, compile, run, …

- Why is it difficult?

https://xkcd.com/242/

https://xkcd.com/242/


Outline

▪ What are the challenges in reproducibility?

▪ How to address the challenges of complex processes?

▪ How to deal with dynamically changing data?



Challenges in Reproducibility

▪ Carmen M. Reinhart and Kenneth S. Rogoff: Growth in a 

Time of Debt. American Economic Review: Papers and 

proceedings 100:573-578, May 2010

▪ Study on relationship btw. debt and 

economic growth

- Tipping point at 90% of government debt

- Published after the Greek crisis

- Analysis supporting budget cuts

- Stimulus vs austerity

- Strong political influence

https://scholar.harvard.edu/files/rogoff/files/growth_in_time_debt_aer.pdf

https://scholar.harvard.edu/files/rogoff/files/growth_in_time_debt_aer.pdf


Challenges in Reproducibility

▪ Carmen M. Reinhart and Kenneth S. Rogoff: Growth in a 

Time of Debt. American Economic Review: Papers and 

proceedings 100:573-578, May 2010.

▪ Others could not reproduce results:

Thomas Herndon, Michael Ash, 

Robert Pollin:

Does High Public Debt Consistently 

Stifle Economic Growth?  

A Critique of Reinhart and Rogoff

UMASS Working Paper Series 322,

April 2013

https://www.peri.umass.edu/fileadmin/pdf/working_papers/working_papers_301-350/WP322.pdf

https://www.peri.umass.edu/fileadmin/pdf/working_papers/working_papers_301-350/WP322.pdf


Challenges in Reproducibility

▪ Carmen M. Reinhart and Kenneth S. Rogoff (2010) vs. 

Thomas Herndon, Michael Ash, Robert Pollin (2013)

▪ Original spreadsheet provided

- Some data excluded on purpose

- Questionable statistical procedures

- Excel error

• Accidentally missed 5 rows of data!

• Average Annual Growth changed 

from -0.1 to 2.2 after correction

▪ Lead to prominent coverage on 

importance of transparency, reproducibility
https://www.newyorker.com/news/john-cassidy/the-reinhart-and-rogoff-controversy-a-summing-up

https://www.nytimes.com/2013/04/19/opinion/krugman-the-excel-depression.html

https://www.newyorker.com/news/john-cassidy/the-reinhart-and-rogoff-controversy-a-summing-up
https://www.nytimes.com/2013/04/19/opinion/krugman-the-excel-depression.html


Challenges in Reproducibility

http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0038234

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0038234
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Challenges in Reproducibility

http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0038234

http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0038234


And the solution is…

▪ Standardization and Documentation

- Standardized components, procedures, workflows

- Documenting complete system set-up across 

entire provenance chain

▪ How to do this – efficiently?

Alexander Graham Bell’s Notebook, March 9 1876
https://commons.wikimedia.org/wiki/File:Alexander_Graham_Bell's_notebook,_March_9,_1876.PNG

Pieter Bruegel the Elder: De Alchemist (British Museum, London) 

https://commons.wikimedia.org/wiki/File:Alexander_Graham_Bell's_notebook,_March_9,_1876.PNG


PROV-O

▪ W3C Recommendation

https://www.w3.org/TR/prov-o/

▪ Ontology to represent provenance information

▪ May use other ontologies

- FOAF (friends-of-a-friend)

- Dublin Core

- PREMIS

https://www.w3.org/TR/prov-o/


PROV-O

entities
activities



PROV-O
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PROV-O

▪ Adding revisions, time dependencies, plans, …



And the solution is…

▪ Standardization and Documentation

- Standardized components, procedures, workflows

- Documenting complete system set-up across 

entire provenance chain

▪ How to do this – efficiently?

Alexander Graham Bell’s Notebook, March 9 1876
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And the solution is…

▪ Standardization and Documentation

- Standardized components, procedures, workflows

- Documenting complete system set-up across 

entire provenance chain

▪ How to do this – efficiently!?

▪ Ideally:

- Processing pipeline documents provenance automatically

▪ Reality: Combination of

- automatic documentation / logging

- monitoring behaviour of the system



Static & Dynamic  Analysis

▪ Analyses steps, platforms, services, tools called

▪ Dependencies (packages, libraries)

▪ HW, SW Licenses, …

Taverna Workflow
ArchiMate model

Context Model

(OWL ontology)

#!/bin/bash

# fetch data
java -jar GestBarragensWSClientIQData.jar
unzip -o IQData.zip

# fix encoding
#iconv -f LATIN1 -t UTF-8 iq.r > iq_utf8.r

# generate references
R --vanilla < iq_utf8.r > IQout.txt

# create pdf
pdflatex iq.tex
pdflatex iq.tex

Script
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#!/bin/bash

# fetch data
java -jar GestBarragensWSClientIQData.jar
unzip -o IQData.zip

# fix encoding
#iconv -f LATIN1 -t UTF-8 iq.r > iq_utf8.r

# generate references
R --vanilla < iq_utf8.r > IQout.txt

# create pdf
pdflatex iq.tex
pdflatex iq.tex

Static & Dynamic  Analysis

ADDED

NOT USED
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▪ How to deal with dynamically changing data?



Motivation

▪ Data is the key ingredient

- Data serves as input for workflows and experiments

- Data is the source for graphs and visualisations in publications

- Decisions are based on data

▪ Data is needed for Reproducibility

- Repeat experiments

- Verify / compare results

▪ Need to provide specific data set

- Service for data repositories

1. Put data in data repository, 

2. Assign PID (DOI, Ark, URI, …)

3. Make is accessible

→ done!?

Source: open.wien.gv.at

https://commons.wikimedia.org/w/index.php?curid=30978545



Identification of Dynamic Data

▪ Usually, datasets have to be static

- Fixed set of data, no changes:

no corrections to errors, no new data being added

▪ But: (research) data is dynamic

- Adding new data, correcting errors, enhancing data quality, …

- Changes sometimes highly dynamic, at irregular intervals

▪ Current approaches

- Identifying entire data stream, without any versioning

- Using “accessed at” date

- “Artificial” versioning by identifying batches of data (e.g. 

annual), aggregating changes into releases (time-delayed!)

▪ Would like to precisely identify the data 

as it existed at a specific point in time



Granularity of Subsets

▪ What about the granularity of data to be identified?

- Enormous amounts of data 

- Researchers use specific subsets of data

- Need to identify precisely the subset used

▪ Current approaches

- Storing a copy of subset as used in study -> scalability

- Citing entire dataset, providing textual description of subset

-> imprecise (ambiguity)

- Storing list of record identifiers in subset -> scalability, 

not for arbitrary subsets (e.g. when not entire record selected)

▪ Would like to be able to precisely identify the 

subset of (dynamic) data used in a process



▪ Research Data Alliance

▪ WG on Data Citation:

Making Dynamic Data Citeable

▪ March 2014 – September 2015

- Concentrating on the problems of 

large, dynamic (changing) datasets

▪ Final version presented Sep 2015

at P7 in Paris, France

▪ Endorsed September 2016

at P8 in Denver, CO

▪ Adoption by standardization bodies, data centres, …

https://www.rd-alliance.org/groups/data-citation-wg.html

RDA WG Data Citation

https://www.rd-alliance.org/groups/data-citation-wg.html


Dynamic Data Citation

We have: Data + Means-of-access
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Dynamic Data Citation

We have: Data + Means-of-access

Dynamic Data Citation: 

Cite (dynamic) data dynamically via query! 
▪

Steps:

1. Data → versioned (history, with time-stamps)

Researcher creates working-set via some interface:

2. Access → store & assign PID to “QUERY”, enhanced with

− Time-stamping for re-execution against versioned DB

− Re-writing for normalization, unique-sort, …

− Hashing result-set: verifying identity/correctness

leading to landing page
S. Pröll, A. Rauber. Scalable Data Citation in Dynamic Large Databases: Model and Reference Implementation. In IEEE 

Intl. Conf. on Big Data 2013 (IEEE BigData2013), 2013

http://www.ifs.tuwien.ac.at/~andi/publications/pdf/pro_ieeebigdata13.pdf

http://www.ifs.tuwien.ac.at/~andi/publications/pdf/pro_ieeebigdata13.pdf


Data Citation – Deployment

▪ Researcher uses workbench to identify subset of data

▪ Upon executing selection („download“) user gets

− Data (package, access API, …)

− PID (e.g. DOI)  (Query is time-stamped and stored)

− Hash value computed over the data for local storage

− Recommended citation text (e.g. BibTeX)

▪ PID resolves to landing page

− Provides detailed metadata, link to parent data set, subset,…

− Option to retrieve original data OR current version OR changes

▪ Upon activating PID associated with a data citation

− Query is re-executed against time-stamped and versioned DB

− Results as above are returned

▪ Query store aggregates data usage
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Data Citation – Deployment

▪ Researcher uses workbench to identify subset of data

▪ Upon executing selection („download“) user gets

− Data (package, access API, …)

− PID (e.g. DOI)  (Query is time-stamped and stored)

− Hash value computed over the data for local storage

− Recommended citation text (e.g. BibTeX)

▪ PID resolves to landing page

− Provides detailed metadata, link to parent data set, subset,…

− Option to retrieve original data OR current version OR changes

▪ Upon activating PID associated with a data citation

− Query is re-executed against time-stamped and versioned DB

− Results as above are returned

▪ Query store aggregates data usage

Note: query string provides excellent

provenance information on the data set!

This is an important advantage over

traditional approaches relying on, e.g. 

storing a list of identifiers/DB dump!!!

Identify which parts of the data are used.

If data changes, identify which queries

(studies) are affected



Data Citation – Output

▪ 14 Recommendations
grouped into 4 phases:

- Preparing data and query store

- Persistently identifying specific data sets

- Resolving PIDs

- Upon modifications to the data 

infrastructure

▪ 2-page flyer
https://rd-alliance.org/recommendations-working-

group-data-citation-revision-oct-20-2015.html

▪ More detailed report: Bulletin of IEEE 

TCDL 2016
http://www.ieee-tcdl.org/Bulletin/v12n1/papers/IEEE-

TCDL-DC-2016_paper_1.pdf

https://rd-alliance.org/recommendations-working-group-data-citation-revision-oct-20-2015.html
http://www.ieee-tcdl.org/Bulletin/current/papers/IEEE-TCDL-DC-2016_paper_1.pdf


Conclusions

▪ Reproducibility is more challenging than we might assume

▪ Need to address it if we want to do proper work

▪ Standardization, documentation and automation

▪ Managing the dynamics in data and processes

▪ If not, we are closer to alchemy than science…

▪ …and may not reap the promised benefits

of digitization



Thanks!

Thank you!

#!/bin/bash

# fetch data
java -jar 
GestBarragensWSClientIQDa
ta.jar
unzip -o IQData.zip


