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Choosing the PhD

“Unlocking Open Data through Wrapper Generation”

● findaphd.com
● Department of Computer Science, University of Manchester
● Professor Norman Paton
● Part time & Remote
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Open Data Definition

Karen Jex 2022
8

https://en.wikipedia.org/wiki/Open_data

Open data is data that is openly accessible, exploitable, editable and 
shared by anyone for any purpose, even commercially. Open data is licensed under an open license 
… The growth of the open data movement is paralleled by a rise in intellectual property rights. 

The philosophy behind open data has been long established … but 
the term "open data" itself is recent, gaining popularity with the rise of the Internet and World 
Wide Web and, especially, with the launch of open-data government initiatives such as Data.gov, Data.gov.uk and Data.gov.in …

One of the most important forms of open data is open government data (OGD), which is a form of open 
data created by ruling government institutions. Open government data's importance is born from it being a part of citizens' everyday 
lives, down to the most routine/mundane tasks that are seemingly far removed from government. 

The abbreviation FAIR/O data is sometimes used to indicate that the dataset or database in question complies with the

principles of FAIR data and also carries an explicit data-capable open license. 

https://en.wikipedia.org/wiki/Open_data


Open Data History
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http://parisinnovationreview.com/articles-en/a-brief-history-of-open-data

http://parisinnovationreview.com/articles-en/a-brief-history-of-open-data
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Open Data Sources
• World Bank Open Data

• WHO (World Health Organization)

• Google Public Data Explorer

• Registry of Open Data on AWS (RODA)

• European Union Open Data Portal

• U.S. Census Bureau

• Data.gov
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• UNICEF Dataset

• Data.gov.uk

• Open Data Network

• NASA Planetary Data System

• NASA Earth Data

• FiveThirtyEight

• Kaggle

https://data.worldbank.org/
https://www.who.int/gho/database/en/
https://www.google.com/publicdata/directory
https://registry.opendata.aws/
http://open-data.europa.eu/en/data/
http://www.census.gov/data.html
https://www.data.gov/
https://data.unicef.org/
https://data.gov.uk/
https://www.opendatanetwork.com/
https://pds.nasa.gov/
https://earthdata.nasa.gov/
https://data.fivethirtyeight.com/
https://www.kaggle.com/datasets?sortBy=relevance&group=featured&search=tag%3A%27internet%27


Registry of Research Data Repositories
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https://www.re3data.org/

https://www.re3data.org/


• ZIP

• CSV

• GEOJSON

• PDF

• HTML

Open Data Formats
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• XLS

• JSON

• SHP

• KML

• TXT



• Choice of PhD
• Introduction to Open Data
• Challenges of Table Extraction
• Research Approach
• Existing Methods
• Genetic Algorithm Example
• Research Impact
• Plans for the Future

Agenda

Karen Jex 2022
20



“While current approaches for automatic table discovery focus 
on spreadsheet and HTML files, CSV files pose a different 
challenge due to their lack of rich embedded meta-data such 
as cell formatting, table styling, and formulas.”

Christodoulakis, C., Munson, E. B., Gabel, M., Brown, A. D., & Miller, R. J. (2020). Pytheas: 
Pattern based table discovery in CSV files. Proceedings of the VLDB Endowment, 13(11), 
2075–2089.

Challenges Presented by CSV Files
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RFC4180 https://www.rfc-editor.org/rfc/rfc4180

Common Format and MIME Type for Comma-Separated Values (CSV) Files
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field_name,field_name,field_name CRLF
aaa,bbb,ccc CRLF
"aaa","bbb","cc""c" CRLF
"aaa","b CRLF
bb","ccc" CRLF
zzz,yyy,xxx

Last line may or may not have line break

One record per line, delimited by line break

Optional header as first 
line

Same number of fields (separated by a comma) in each line

Fields optionally enclosed 
in double quotes

Fields containing line breaks, double quotes, commas enclosed in double-quotes 

Double quote inside field escaped by double quote

https://www.rfc-editor.org/rfc/rfc4180


RFC4180: What it doesn’t specify
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● Date format

dd-mon-yyyy yyyy-mm-dd mm/dd/yyyy dd mm yyyy

● Encoding

UTF-8 UTF-16 UTF32 ANSI ASCII



Open Data Example: Simple CSV
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https://www.kaggle.com/datasets/johnharshith/world-happiness-report-2021-worldwide-mortality

https://www.kaggle.com/datasets/johnharshith/world-happiness-report-2021-worldwide-mortality


Open Data Example: non-Trivial Spreadsheet
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https://data.gov.uk/dataset/1f9e8832-d668-43ff-9511-d01f8ce0af22/handwashing-consumer-tracker

Header

https://data.gov.uk/dataset/1f9e8832-d668-43ff-9511-d01f8ce0af22/handwashing-consumer-tracker


Open Data Example: non-Trivial Spreadsheet
https://data.gov.uk/dataset/1f9e8832-d668-43ff-9511-d01f8ce0af22/handwashing-consumer-tracker

Headings

https://data.gov.uk/dataset/1f9e8832-d668-43ff-9511-d01f8ce0af22/handwashing-consumer-tracker


Open Data Example: non-Trivial Spreadsheet
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https://data.gov.uk/dataset/1f9e8832-d668-43ff-9511-d01f8ce0af22/handwashing-consumer-tracker

Summary Data

https://data.gov.uk/dataset/1f9e8832-d668-43ff-9511-d01f8ce0af22/handwashing-consumer-tracker


Open Data Example: non-Trivial Spreadsheet
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https://data.gov.uk/dataset/1f9e8832-d668-43ff-9511-d01f8ce0af22/handwashing-consumer-tracker

Data (with calculated percentages)

https://data.gov.uk/dataset/1f9e8832-d668-43ff-9511-d01f8ce0af22/handwashing-consumer-tracker


Open Data Example: non-Trivial Spreadsheet
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https://data.gov.uk/dataset/1f9e8832-d668-43ff-9511-d01f8ce0af22/handwashing-consumer-tracker

Aggregated Data

https://data.gov.uk/dataset/1f9e8832-d668-43ff-9511-d01f8ce0af22/handwashing-consumer-tracker


Open Data Example: non-Trivial Spreadsheet
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https://data.gov.uk/dataset/1f9e8832-d668-43ff-9511-d01f8ce0af22/handwashing-consumer-tracker

Footer

https://data.gov.uk/dataset/1f9e8832-d668-43ff-9511-d01f8ce0af22/handwashing-consumer-tracker


Steps to Table Extraction

Karen Jex 2022
31



Steps to Table Extraction

Karen Jex 2022
32



• Choice of PhD
• Introduction to Open Data
• Challenges of Table Extraction
• Research Approach
• Existing Methods
• Genetic Algorithm Example
• Research Impact
• Plans for the Future

Agenda

Karen Jex 2022
33



• Identify and classify existing work

• Benchmark existing methods

• Identify gaps in current work

• Decide on direction of my research

Approach
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• Manual

• Automated

• Semi-automatic

• Interactive

Related Work: Methods
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• Speculative

• Genetic Algorithm

• Rule-based

• Pattern-based

• Random forest



• Python

• Java

• C++

Related Work: Languages
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• R

• Apache Spark

• …



• Structure Detection in Verbose CSV Files. 
Lan Jiang, Gerardo Vitagliano, Felix Naumann | EDBT 2021: 193-204

• Multi-hypothesis CSV parsing
T Döhmen, H Mühleisen, P Boncz| ACM Intl Conf Proceeding 2017

• A Genetic-Based Search for Adaptive Table Recognition in Spreadsheets.
Elvis Koci, Maik Thiele, Oscar Romero, Wolfgang Lehner | ICDAR 2019: 1274-1279

• Pytheas: Pattern-based Table Discovery in CSV Files. 
Christina Christodoulakis, Eric Munson, Moshe Gabel, Angela Demke Brown, Renée J. Miller
Proc. VLDB Endow. 13(11): 2075-2089 (2020)

Related work: papers
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Existing Tools: Academic
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• Hypoparsr

• Strudel

• Pytheas

• DeExcelarator

• xtable_finder

• TabbyXL

• InfoGather+

• Muppets

• Senbazuru

• XLIndy



Existing Tools: Commercial
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• ETL

• Spreadsheet

• COPY
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Evolutionary Algorithms



… a generic population-based metaheuristic optimization algorithm. An EA uses 

mechanisms inspired by biological evolution, such as reproduction, 

mutation, recombination, and selection. Candidate solutions to the 

optimization problem play the role of individuals in a population, and the fitness function 
determines the quality of the solutions … Evolution of the population then takes place after the 

repeated application of the above operators.

https://en.wikipedia.org/wiki/Evolutionary_algorithm

Evolutionary Algorithm (EA)
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https://en.wikipedia.org/wiki/Evolutionary_algorithm


• Specific case of Evolutionary Algorithm

• Developed by John Holland in 1960s/70s

• Inspired by natural selection

• Uses mutation, crossover & selection on a population

• Used to solve optimization problems

Genetic Algorithm (GA)
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GA Pseudocode
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Sean Luke, Essentials of Metaheuristics Second Edition, p.37
define # individuals in population

create initial population by 
generating popsize individuals

assess each individual and 
keep track of the best one

create a new generation using 
Crossover and Mutation

create new generations 
until end condition met

Return best individual found



Applying GA to Table Extraction
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Input: Annotated Spreadsheet

Labels



Applying GA to Table Extraction
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Nodes



Applying GA to Table Extraction
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Nodes and Edges



Applying GA to Table Extraction
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Tables

T1 T2

T3



Applying GA to Table Extraction
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Expressing table extraction as a problem to be solved by GA

E0 E1 E2 E3 E4 E5 E6 E7 E8 E9

Ideal Solution 0 1 1 0 0 0 1 1 1 1 (0,1,1,0,0,0,1,1,1,1)



Applying GA to Table Extraction
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Expressing table extraction as a problem to be solved by GA

E0 E1 E2 E3 E4 E5 E6 E7 E8 E9

Ideal Solution 0 1 1 0 0 0 1 1 1 1

Solution 2 1 1 1 0 0 1 0 0 1 0

(0,1,1,0,0,0,1,1,1,1)

(1,1,1,0,0,1,0,0,1,0)



Applying GA to Table Extraction
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Additional Steps Required

● Determine list of rules to calculate the best solution
(ie the one that is the most “table like”)

• How well aligned the header and data nodes are

• How much space there is between nodes

• If the header appears above the data as expected

● Train the solution to assign weightings to the rules



Applying GA to Table Extraction
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Advantages and Disadvantages of the Approach

● Allows for multiple tables
Vertically and/or horizontally stacked

● Requires annotated spreadsheet as input
Annotation is usually a manual task
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Research Impact
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Research Impact

Karen Jex 2022
56

● Need to get value from this data

● This is challenging



Research Impact
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Research Impact
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● Existing commercial tools are of limited value

• Respond to one aspect of the problem

• Expect structured files in a specific format

• Require detailed knowledge of the data
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Future Plans

● Next year: Experimental evaluation of existing 
methods

● Next 5 years: Identify and develop new methods

● Longer term:

• Fully automated table extraction from Open Data

• PostgreSQL extension?
Karen Jex 2022
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Conclusions

● Complex problem

● Many different existing approaches to parts of the problem

● Difficult to identify one complete solution

● Huge potential impact
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Thank You!
Karen Jex | @karenhjex | karen.jex@crunchydata.com
Slides: https://karenjex.blogspot.com



Image acknowledgements

● Possibilities: Image by Gerd Altmann from Pixabay

● Research Impact (lab): Image by holdentrils from Pixabay
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