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• Pretext

– Challenge: Too many data sources, document formats and systems

– Opportunity: More data can lead to smart data if it‘s accessible

– Objective: Empower Data Scientists with easy to use tools for:

▪ Data Discovery

▪ Data Extraction
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Presentation Layout

• Data Discovery

– How many web tables are data tables?

▪ Google study (2008): < 1.1% of 14.1 billion web tables are data tables

– What software machinery is needed?

▪ Back-end: Search Engine technology for table search is in infancy

▪ Front-end: Tools to discover data and integrate it with existing table

Source: Study on Web Tables

http://duff-johnson.com/2014/02/17/the-8-most-popular-document-formats-on-the-web/
http://yz.mit.edu/papers/webtables-vldb08.pdf
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Presentation Layout

• Data Extraction

– Target # 1: Document formats

▪ Develop generic solutions (easy to use, broadly applicable)

– Target # 2: Data stores

▪ Develop provider-specific solutions (API based)
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Presentation Layout

• Tangible outcomes available as RapidMiner extensions

– Data Search for Data Mining Extension

– Web Table Extraction Extension

– PDF Table Extraction Extension

– Spreadsheet Table Extraction Extension

– Sharepoint Connector Extension
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Data Discovery
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Overview of Data Search Extension

1 Extract and Ingest public/private data into a 
Data Search Engine

2 Discover new data from Search Engine and 
Integrate it to existing data interactively
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Data Search Engine

• Backend: Layers

Lucene Indexes
(Table Headers, Rows & Correspondences)

Data Extraction
(Pre-Processing to discard noisy data)

Smart Data Discovery

API

• Schema Correspondences
• Instance Correspondences

• Table Headers
• Table Rows

• Sources:  Wikipedia, Eurostat, etc.
• Formats: CSV, XML, XLSX, PDF, HTML, 
• Stores:    Corporate (RDBMS, Sharepoint, SAP)

• Webservices manage account and repositories
• Easily invoke data search in models/apps
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Data Search Engine

• Backend: User Repository Structure

Backend Instance

Repository A1 Repository B Repository C

Automotive Pharmaceuticals Manufacturing

Repository A2

/register

/createRepository

/fetchRepositoryNames

/uploadDataTable

/bulkDataUpload

API
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Data Search Extension

• Search-Join data enrichment method

Country Region Language currency

United 
States

North 
America

English ?

Germany Europe German ?

Japan Asia Japanese ?

China Asia Mandarin ?

Country Region Language currency

United 
States

North 
America

English US Dollar

Germany Europe German Euro

Japan Asia Japanese Yen

China Asia Mandarin Renminbi
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Data Search Problem

• Search: relevant tables to extend a table by new attributes

– Schema Correspondences

– Instance Correspondences

Country Region Language currency

United States North America English ?

Germany Europe German ?

Japan Asia Japanese ?

China Asia Mandarin ?

/search
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Data Search Problem

• Schema Correspondences
– Matches based on table header

▪ Trivial: keyword matching on Lucene index 1

▪ Non-Trivial: refine results using distance metrics

▪ Other criteria: attribute data type
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Data Search Problem

• Schema Correspondences
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Data Search Problem

• Instance Correspondences
– Matches based on instance (example)

▪ Trivial: keyword matching on Lucene index 2

▪ Non-Trivial: refine results using distance metrics



©2017 RapidMiner, Inc.  All rights reserved. - 15 -

Data Search Problem

• Instance Correspondences
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Data Search Problem

• Fetch collection of relevant tables

Dominion Continents Population Currency

United States North America US Dollar

Germany Europe Euro

Japan Asia Yuan

China Asia Renminbiti

Countries Area GDP currency

United States North America US Dollar

Germany Europe Euro

Japan Asia Yuan

China Asia Renminbiti

States Regions Language Money used

United States North America US Dollar

Germany Europe Euro

Japan Asia Yuan

China Asia Renminbiti

Countries Continents … currency

USA North America US Dollar

Deutschland Europe Euro

Japan Asia ?

Peoples Republic of China Asia Renminbi

/fetchTable
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Data Search Problem

• Relevant tables discovered by Search are susceptible to noise
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Data Search Problem 

• Control Panel view: distribution of key statistics and legends
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Data Search Problem

• Map view: Self Organizing Document Map with drill-down
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Data Search Problem

• 3D view: Labelled Scatter Plot
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Data Integration Problem

• Join: Translate schemas of relevant tables to join new 
attribute with query table

Country Region Language currency

United States North America US Dollar

Germany Europe Euro

Japan Asia Yuan

China Asia Renminbiti

Country Region Language currency

United States North America US Dollar

Germany Europe Euro

Japan Asia Yuan

China Asia Renminbiti

Country Region Language currency

United States North America US Dollar

Germany Europe Euro

Japan Asia Yuan

China Asia Renminbiti

Country Region Language currency

United States North America English US Dollar

Germany Europe German Euro

Japan Asia Japanese ?

China Asia Chinese Renminbi

Dominion Continents Population Currency

United 
States

North America US Dollar

Germany Europe Euro

Japan Asia Yuan

China Asia Renminbiti

Countries Area GDP currency

United 
States

North America US Dollar

Germany Europe Euro

Japan Asia Yuan

China Asia Renminbiti

States Regions Language Money used

United 
States

North America US Dollar

Germany Europe Euro

Japan Asia Yuan

China Asia Renminbiti

Countries Continents … currency

USA North America US Dollar

Deutschland Europe Euro

Japan Asia ?

P R of China Asia Renminbi
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Data Integration Problem

• Translated tables offer instance-level data for new attribute
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Data Integration Problem

• Join: Fuse instance-level attribute values (conflict resolution)

• Fusion policies
▪ First fill, Max fill, vote, clustered vote, min, max, average, multi-objective

optimization

Country Region Language currency

United States North America English US Dollar

Germany Europe German Euro

Japan Asia Japanese Yen

China Asia Mandarin Renminbi
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Data Search Extension

• Search-Join method consolidates all steps in 1 workflow

Generate a 
Query

Search for 
relevant 
tables

Translate 
schema of 

tables

Fuse new 

attribute to the 
Query Table

01 02 03 04
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Data Search Extension

• Keyword based table search on Google (webtables corpus)

Read 
HTML Tables

(Extract data tables 
from found sites)

02
Google 

Table Search 

(Keyword search on 
Google’s corpus)

01
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Making data available
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Making internal & external data available
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Making internal & external data available 
disregarding the format
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Discovering internal & external data available 
disregarding the format
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Data Extraction
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Data Extraction Targets

PDF Documents
(non-scanned)

Google Spreadsheets

Microsoft Excel Online Sheets

Microsoft Sharepoint
Drive (corporate accounts)

Web (HTML) Documents
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Web Table Extraction Extension

1 Wiki page with data tables 2 Read HTML page or file. Classify <table> as data table on the fly.

3 Convert data tables to Example Sets

• Read HTML Table operator (generic extraction, no scraping)
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• Read HTML Tables operator
– Bulk extraction of data tables

Web Table Extraction Extension

1 Input Exampleset with file paths or URLs

2 Read paths, extract data tables and convert them to Example Sets
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PDF Table Extraction Extension

• Read PDF Table operator (generic method, no data scraping)

1 A PDF file with data table (may have surrounding text) 2 Provide file path or URL

3 Data tables are extracted from PDF as Example Sets
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Online & Offline Data

Microsoft Office - offline - online
Source: Google Trends

Excel Documents

https://trends.google.com/trends/explore?cat=12&date=today 5-y,today 5-y&geo=,&q=/m/0drzplk,/m/052zb&hl=de&tz=-120
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Spreadsheet Table Extraction Extension

• Imports data from
– Google Spreadsheet sheets

– Excel Online workbooks

• Define reading range on a cell level
 No file download necessary

• Spreadsheets can be read from:
– Google Drive

– Google Docs

– Microsoft Corporate OneDrive

– Microsoft SharePoint Sites
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Spreadsheet Table Extraction Extension

21 You have an online Google Spreadsheet Configure the Read Google Spreadsheet operator

3 Sheet is extracted as Example Set

Google Spreadsheet
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Spreadsheet Table Extraction Extension

Excel Online

1 You have an Excel Online sheet Configure the Read Excel Online operator2

3 Sheet is extracted as Example Set
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• Get list of files & folders from Microsoft 
SharePoint Site

• Download files & folders to your PC
• Uses Microsoft Graph API
• Intranet Data available for Search

…

SharePoint Connector Extension

1 You have a SharePoint Site

Configure the List SharePoint Files operator2

3 Files & Folders are extracted as Example Set 4 Download selected Files & Folders
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Data Extraction Targets

PDF Documents
(non-scanned)

Google Spreadsheets

Microsoft Excel Online Sheets

Microsoft Sharepoint
Drive (corporate accounts)

Web (HTML) Documents
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Data Extraction Targets
PDF Documents
(non-scanned)

Google Spreadsheets

Microsoft Excel Online Sheets

Microsoft Sharepoint
Drive (corporate accounts)

Web (HTML) Documents
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Q & A

Philipp Schlunder

@WortPixel

Dr. Edwin Yaqub

inquiries@rapidminer.com @RapidMinerwww.rapidminer.com

@byond2day

https://www.linkedin.com/in/philipp-schlunder-8a3406a5/
https://twitter.com/wortpixel
https://www.linkedin.com/in/edwin-yaqub-55775324/
https://twitter.com/byond2day
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Extras
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Data Search Backend

• Performance metrics for Search quality
– Precision: % of found Extension Attribute values that are correct

– Recall: % of findable Extension Attributes that were actually found

– F1: harmonic mean of above two values

• Results (for 11 controlled queries)
– Current version: F1= 0,69 (Precision= 0,91;   Recall= 0,55)

– Upcoming version:   F1= 0,77 (Precision= 0,89;   Recall= 0,69)
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State of the Art

• Commercial offerings
– Google Fusion Table service

– Microsoft Power Query (plugin for Excel)

– Tamr

• Academic
– Senbazuru (a prototype spreadsheet database management system)


